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MUTANT GTP CYCLOHYDROLASE II
ENZYMES

This application 1s the National Stage of International
Application No. PCT/EP2005/007320, filed Jul. 7, 2005.

The present mvention provides modified enzymes with
higher GTP cyclohydrolase II activity than the respective
wild-type enzymes. The modified enzymes and polynucle-
otides encoding the same can be used for the production of

ribotlavin, riboflavin precursors, flavin mononucleotide
(FMN), flavin adenine dinucleotide (FAD), and derivatives
thereof.

Riboflavin (vitamin B2) 1s synthesized by all plants and
many microorganisms but is not produced by higher animals.
Because 1t 1s a precursor to coenzymes such as flavin adenine
dinucleotide and flavin mononucleotide that are required 1n
the enzymatic oxidation of carbohydrates, riboflavin 1s essen-
t1al to basic metabolism. In higher animals, insuificient ribo-
flavin can cause loss of hair, inflammation of the skin, vision
deterioration, and growth failure.

Engineering of riboflavin production strains with increased
rates and yields of ribotlavin has been achieved 1n the past in
a number of different ways. For instance, (1) classical
mutagenesis was used to create variants with random muta-
tions in the genome of the organism of choice, followed by
selection for higher resistance to purine analogs and/or by
screening for increased production of riboflavin. (2) Alterna-
tively, the terminal enzymes of nboflavin biosynthesis, 1.e.,
the enzymes catalyzing the conversion of guanosine triphos-
phate (GTP) and nibulose-5-phosphate to riboflavin, were
overexpressed, resulting also in a higher flux towards the
target product. However, in this latter approach, strong over-
expression of the riboflavin biosynthesis proteins imposes an
additional metabolic burden on the host cells which may, 1n
turn, induce stress response reactions and other undesirable
negative elfects on the cells’ physiology.

The enzymes required catalyzing the biosynthesis of ribo-
flavin from guanosine triphosphate (GTP) and ribulose-5-
phosphate are encoded by four genes (ribG, ribB, ribA, and
ribH) in B. subtilis. These genes are located 1n an operon, the
gene order of which differs from the order of the enzymatic
reactions catalyzed by the enzymes. For example, GTP cyclo-
hydrolase II, which catalyzes the first step 1n riboflavin bio-
synthesis, 1s encoded by the third gene 1n the operon, ribA.
The ribA gene also encodes a second enzymatic activity, 1.e.,
3,4-dihydroxy-2-butanone 4-phosphate synthase (DHBPS),
which catalyzes the conversion of ribulose-5-phosphate to the
four-carbon unit 3,4-dihydroxy-2-butanone 4-phosphate
(DHBP). Deaminase and reductase are encoded by the first
gene of the operon, r1ibG. The penultimate step in ribotlavin
biosynthesis 1s catalyzed by lumazine synthase, the product
of the last rib gene, ribH. Riboflavin synthase, which controls
the last step of the pathway, 1s encoded by the second gene of
the operon, ribB. The function of the gene located at the 3' end
of the rib operon 1s, at present, unclear; however, 1ts gene
product 1s not required for riboflavin synthesis.

Transcription of the ribotlavin operon from the ribP1 pro-
moter 1s controlled by an attenuation mechanism mvolving a
regulatory leader region located between ribP1 and nnbG. The
r1ibO mutations within this leader region result 1n deregulated
expression of the riboflavin operon. Deregulated expression
1s also observed 1n strains containing missense mutations 1n
the ribC gene. The nbC gene has been shown to encode the
flavin kinase/FAD synthase of B. subtilis (Mack, M., etal., J.
Bacteriol., 180:950-935, 1998). Deregulating mutations
reduce the flavokinase activity of the nbC gene product
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resulting in reduced intracellular concentrations of flavin
mononucleotide (FMN), the effector molecule of the ribofla-
vin regulatory system.

Recently, Bacillus subtilis was genetically engineered to
produce high yields of riboflavin during a short fermentation
cycle (U.S. Pat. No. 5,837,528). This approach combined
classical genetic mutant selection and fermentation improve-
ment with genetic engineering of the ribotlavin biosynthetic
genes by deregulating and increasing the level of gene expres-
sion. In this system, the expression of the rib genes was
increased by mutating the flavokinase encoding ribC gene, by
linking the rib genes to strong, constitutive promoters, and by
increasing the copy number of the rib genes.

As already discussed above, overexpression of the rib
genes poses an additional burden on the production strains
which may, potentially, have a negative impact on the pro-
duction of riboflavin precursors, riboflavin, FMN, FAD, or
their derivatives. In order to circumvent this shortcoming, 1t 1s
a subject of the present invention to describe GTP cyclohy-
drolase II mutants with increased specific activity. Use of
such mutant enzymes in production strains, either alone or
combined with improved mutants of the other Rib proteins,
will allow higher flux rates with less or no additional burden
on the cells’ metabolism.

As used herein, the term “GTP cyclohydrolase 1I” may
include any enzyme that 1s capable of catalyzing the conver-
sion of GTP to 2,5-diamino-6-ribosylamino-4 (3H)-pyrimi-
dinone-5'-phosphate (DRAPP). It 1s irrelevant whether this
enzyme 1s capable of catalyzing further reactions, as for
example the conversion of ribulose-5-phosphate to DHBP. A
“GTP cyclohydrolase II” may be homologous to one or more
of the enzymes the amino acid sequences of which are shown
in Table 4. “Homologous™ refers to a GTP cyclohydrolase 11
that 1s at least about 50% 1dentical, preferably at least about
60% 1dentical, more preferably at least about 70% identical,
even more preferably at least about 80% 1dentical, even more
preferably at least about 85% 1dentical, even more preferably
at least about 90% or 93% 1dentical, and most preferably at
least about 98% 1dentical to one or more of the amino acid
sequences as shown in Table 4.

The term “% 1dentity”, as known 1n the art, means the
degree of relatedness between polypeptide or polynucleotide
sequences, as the case may be, as determined by the match
between strings of such sequences. “Identity” can be readily
determined by known methods, e.g., with the program BEST-
FIT (GCG Wisconsin Package, version 10.2, Accelrys Inc.,
9685 Scranton Road, San Diego, Calif. 92121-3752, USA)
using the following parameters: gap creation penalty 8, gap
extension penalty 2 (default parameters).

“Wild-type enzyme” or “wild-type GTP cyclohydrolase
II” may include any G'TP cyclohydrolase 11 homologous to
any one of the enzymes shown in Table 4 that 1s used as
starting point for designing mutants with increased activity
according to the present invention. “Wild-type” in the context
of the present invention may include both GTP cyclohydro-
lase II sequences derivable from nature as well as variants of
synthetic GTP cyclohydrolase 11 enzymes (as long as they are
homologous to any one of the sequences shown 1in Table 4), 1T
they can be made more active by any of the teachings of the
present invention. The terms “wild-type GTP cyclohydrolase
II”” and “non-modified GTP cyclohydrolase II” are used inter-
changeably herein.

A “mutant”, “mutant enzyme”, or “mutant GTP cyclohy-
drolase II”” may include any variant derivable from a given
wild-type enzyme/GTP cyclohydrolase 11 (according to the
above definition) according to the teachings of the present
invention and being more active than the respective wild-type
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enzyme. For the scope of the present invention, it 1s not
relevant how the mutant(s) are obtained; such mutants may be
obtained, e.g., by site-directed mutagenesis, saturation
mutagenesis, random mutagenesis/directed evolution,
chemical or UV mutagenesis of entire cells/organisms, and
other methods which are known 1n the art. These mutants may
also be generated, e.g., by designing synthetic genes, and/or
produced by 1n vitro (cell-free) translation. For testing of
specific activity, mutants may be (over-) expressed by meth-
ods known to those skilled 1n the art. The terms “mutant GTP
cyclohydrolase I1” and “modified GTP cyclohydrolase II” are
used interchangeably herein. This also applies to the terms
“mutant enzyme” and “modified enzyme”.

“Riboflavin precursor” and “derivatives of riboflavin,
FMN or FAD” 1n the context of this patent application may
include any and all metabolite(s) requiring GTP cyclohydro-
lase II as an mtermediate enzyme in their (bio-) synthesis. In
the context of this patent application, it 1s 1rrelevant whether
such (bio-) synthesis pathways are natural or non-natural (1.e.,
pathways not occurring in nature, but engineered biotechno-
logically). Preferably, the synthesis pathways are biochemi-
cal 1n nature. Riboflavin precursors and derivatives of ribo-
flavin, FMN or FAD include but are not limited to: DRAPP;
S-amino-6-ribosylamino-2,4 (1H,3H)-pyrimidinedione-5'-
phosphate; 2,5-diamino-6-ribitylamino-4 (3H)-pyrimidi-
none-3'-phosphate; 5-amnino-6-ribitylamino-2,4 (1H,3H)-
pyrimidinedione-35'-phosphate; 5-amino-6-ribitylamino-2,4
(1H,3H)-pyrimidinedione; 6,7-dimethyl-8-ribityllumazine
(DMRL); and flavoproteins. The term “riboflavin™ also
includes dermvatives of riboflavin, such as e.g. riboflavin-5-
phosphate and salts thereof, such as e¢.g. sodium ribotlavin-
S-phosphate.

It 1s 1n general an object of the present invention to provide
an enzyme having GTP cyclohydrolase II activity, said
enzyme being modified in a way that its catalytic properties
are more favorable (i.e., showing higher specific activity)
than those of the non-modified GTP cyclohydrolase 11
eNzZymes.

The mvention relates to a modified GTP cyclohydrolase 11
which exhibits higher (specific) activity in comparison to the
corresponding non-modified GTP cyclohydrolase II wherein

(1) the amino acid sequence of the modified GTP cyclohy-
drolase II contains at least one mutation when compared with
the amino acid sequence of the corresponding non-modified
GTP cyclohydrolase 11, and

(11) the at least one mutation 1s at one or more amino acid
positions selected from the group consisting of amino acid
positions corresponding to positions 261, 270, 276, 279, 308
and 34’7 of the amino acid sequence of Bacillus subtilis GTP
cyclohydrolase 11 as shown 1n SEQ ID NO:2.

Thus, 1t 1s an object of the present invention to provide a
modified GTP cyclohydrolase 11, wherein

(1) the specific activity of the modified enzyme 1s increased
in comparison to the corresponding non-modified enzyme,
and

(1) the amino acid sequence of the modified enzyme com-
prises one or more mutation(s) including 1, 2, 3, 4, 5, or 6
mutation(s) on amino acid position(s) corresponding to posi-
tions 261, 270, 276, 279, 308 and/or 347 of SEQ ID NO:2.

The term *“at least one mutation” means one or more muta-
tion on a position as defined above leading to a modified GTP
cyclohydrolase II having an increased specific activity com-
pared to the non-modified enzyme. A modified enzyme as
described above may consists of only 1, 2, 3, 4, 5 or 6 muta-
tion(s) on a position as defined above leading to an increased
specific activity compared to the non-modified enzyme, but
may also include further amino acid mutations on other posi-
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tions, as long as the resulting modified enzyme has an
increased specific activity. Thus, the modified enzyme com-
prises one or more mutation(s) including 1, 2, 3, 4, 3, or 6
mutation(s) on amino acid position(s) corresponding to posi-
tions 261, 270, 276, 279, 308 and/or 347 of the amino acid
sequence ol Bacillus subtilis GTP cyclohydrolase 11 as shown
in SEQ ID NO:2. Examples of such mutations on positions
other than the ones defined above are amino acid mutation(s)
on a position corresponding to amino acid position 196, 282,
and/or 325 of SEQ ID NO:2.

As used herein, the term “specific activity” denotes the
reaction rate of the wild-type and mutant GTP cyclohydrolase

II enzymes under properly defined reaction conditions as
described e.g. in Ritz et al. (J. Biol. Chem. 276,22273-22277,

2001), Koh et al. (Mol. Gen. Genet. 251, 591-598, 1996), or
Schramek et al. (J. Biol. Chem. 276, 44157-44162, 2001) or
as described 1n detail in Example 2. The “specific activity”
defines the amount of substrate consumed and/or product
produced 1n a given time period and per defined amount of
protein at a defined temperature. Typically, “specific activity”™
1s expressed in umol substrate consumed or product formed
per min per mg ol protein. Typically, umol/min 1s abbreviated
by U (=unit). Therefore, the unit definitions for specific activ-
ity of umol/min/(mg of protein) or U/(mg of protein) are used
interchangeably throughout this document. It 1s understood
that 1n the context of the present invention, specific activity
must be compared on the basis of a similar, or preferably
identical, length of the polypeptide chain. The invention shall
not be circumvented by increasing the size of a given wild-
type enzyme through, e.g., formation of a fusion protein,
thereby reducing the apparent specific activity of the overall
enzyme.

According to the present invention the modified GTP
cyclohydrolase II exhibits a specific activity that 1s higher
than that of the corresponding non-modified enzyme. Prefer-
ably, the specific activity ol the modified GTP cyclohydrolase
II of the invention 1s increased by at least about 5, 10, 23, 40,
60, 70, 80, 85, 90%, more preterably at least about 70% 1n
comparison to the corresponding non-modified GTP cyclo-
hydrolase II (for measurement of specific activity, see below).
Preferably, increases 1n specific activity refer to the experi-
mental conditions described in Example 1 of this application.
Approx. 0.004-0.02 U/ml (corresponding to approx. 40 ug/ml
of Bacillus subtilis GTP cyclohydrolase II or 20 ug/ml for the
best mutants described here), preferably approx. 0.004 U/ml
of GTP cyclohydrolase 1I activity, were present 1n the assay
mixture, and the reaction was carried out at 37° C.

The amino acid sequence of the modified GTP cyclohy-
drolase II of the invention contains at least one mutation as
defined above when compared with the amino acid sequence
of the corresponding non-modified GTP cyclohydrolase 1I.
Said mutation may be one or more addition, deletion and/or
substitution, preferably one or more amino acid substitution
wherein a given amino acid present in the amino acid
sequence of the non-modified GTP cyclohydrolase II 1s
replaced with a different amino acid in the amino acid
sequence of the modified GTP cyclohydrolase I1 of the inven-
tion. The amino acid sequence of the modified GTP cyclohy-
drolase II may contain at least one amino acid substitution
when compared with the amino acid sequence of the corre-
sponding non-modified GTP cyclohydrolase 11, 1.e. may com-
prise one or more mutation(s) mcluding 1, 2, 3, 4, 5, or 6
amino acid substitution(s) on amino acid position(s) corre-
sponding to positions 261, 270, 276, 279, 308 and/or 347 of
SEQIDNO:2, preferably 2, 3, 4 or 5 amino acid substitutions.
Thus, the modified enzyme preferably contains at least 2, at
least 3, at least 4 or at least 5 substitutions when compared
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with the amino acid sequence of the corresponding non-
modified GTP cyclohydrolase II.

In one embodiment, a modified GTP cyclohydrolase 11
obtainable from Bacillus, preferably Bacillus subtilis, 1s pro-
vided, wherein

(1) the specific activity of the modified enzyme 1s increased

in comparison to the corresponding non-modified enzyme,
and

(11) the amino acid sequence of the modified enzyme com-
prises one or more mutation(s) including 1, 2, 3, 4, 3, or 6
mutation(s) on amino acid position(s) corresponding to posi-
tions 261, 270, 276, 279, 308 and/or 347 of SEQ ID NO:2.

In one embodiment the non-modified enzyme corresponds
to Bacillus subtilis GTP cyclohydrolase 11 as shown 1n SEQ)
ID NO:2. Thus, the modified enzyme having an increased
specific activity in comparison to the wild type enzyme com-
prises one or more mutation(s) including 1, 2, 3, 4, 35, or 6
mutation(s) on amino acid position(s) corresponding to posi-
tions 261, 270,276, 279, 308 and/or 347 of SEQ ID NO:2. In
a Turther embodiment the modified enzyme having increased
specific activity as defined above contains amino acid muta-
tion(s) beside the amino acid positions as above, said further
mutation(s) being on a position selected from the group con-
sisting of position 196, 282, 235, and any combination
thereot, preferably amino acid substitutions, more preferably
the substitutions are Y 196C (replacement of tyrosine by cys-
teine), A282T (replacement of alanine by threonine) or
F325Y (replacement of phenylalanine by tyrosine).

A non-modified GTP cyclohydrolase II may be any GTP
cyclohydrolase II for which increasing the specific activity 1s
desirable. Non-modified GTP cyclohydrolase 11 enzymes
include but are not limited to GTP cyclohydrolase II enzymes
derivable from nature, such as enzymes of eukaryotic or
prokaryotic origin, preferably fugal or bacterial origin. More
preferably the non-modified enzyme is selected from the ones
shown 1n Table 4 or which 1s homologous to any of the amino
acid sequences as shown in Table 4, 1n particular selected
from the group consisting of Ashbyva, Saccharomyces,
Eremothecium, Candida, Neurvospora, Schizosaccharomy-
ces, Archeoglobus, Streptomvces, Helicobacter, Escherichia,
Corynebacterium, Thermotoga, Avabidopsis, Lycopersicum,
Oryvza, Alcaligenes, Pseudomonas, Dinococcus, Lactobacil-
lus, Photobacterium and Bacillus and preferably selected
trom the group consisting of Candida guilliermondii, Ashbya
gossypii (Evemothecium ashbyii) (SEQ ID NO:33), Saccha-
romyces cerevisiae, Neurospora crassa, Schizosaccharomy-

ces pombe, Avcheoglobus fulgidus, Streptomyces coelicolor,
Helicobacter pylori 199, Escherichia coli (SEQ ID NO:33),

Corynebacterium glutamicum (SEQ 1D NO:37), Bacillus

amvloliquefaciens (SEQ ID NO:39), Bacillus cereus (SEQ
ID NO:41), Bacillus halodurans (SEQ 1D NO:43), Thermo-

toga maritima, Arabidopsis thaliana, Lycopersicum exculen-
tum, Oryza sativum, Alcaligenes eutrophus, Pseudomonas
putida strain K'12440, Corynebacterium efficiens, Deinococ-
cus radiodurans, Lactobacillus plantarum, Photobacterium
phosphoreum, Pseudomonas putida strain K'12440 (second
gene) and Bacillus subtilis (SEQ 1D NO:2). Most preferably
the non-modified enzyme 1s obtainable from Bacillus subtilis.

The modified GTP cyclohydrolase II of the invention may
be obtamned by mutating the corresponding non-modified
GTP cyclohydrolase II. In one embodiment, the non-modi-
fied enzyme corresponds to the B. subtilis GTP cyclohydro-
lase II shown 1 SEQ ID NO:2 and the modified enzyme
comprises one or more amino acid mutation(s) including 1, 2,
3,4, 5, or 6 mutation(s) on amino acid position(s) 261, 270,
276, 279, 308 and/or 347 of SEQ ID NO:2, wherein the
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specific activity of said modified enzyme 1s increased com-
pared to the non-modified enzyme.

Preferably, the at least one mutation 1s at one or more amino
acid positions selected from the group consisting of amino
acid positions corresponding to positions 261, 279, 308 and
34’7 of the amino acid sequence of Bacillus subtilis GTP
cyclohydrolase II as shown in SEQ ID NO: 2. Thus, in one
embodiment the modified GTP cyclohydrolase 11 comprises
one or more mutation(s) including 1, 2, 3 or 4 mutation(s) on
amino acid position(s) corresponding to positions 261, 279,
308, and/or 347 of SEQ ID NO:2. In a preferred embodiment,
the modified enzyme 1s obtainable from B. subtilis and com-
prises mutated amino acid positions 261, 279, 308, and/or 347
as shown m SEQ ID NO:2, corresponding to amino acids
V261, Q279, K308, and M374, respectively.

In another preferred embodiment the at least one mutation
1s at one or more amino acid positions selected from the group

consisting of amino acid positions corresponding to positions
270,279,308 and 34’7 of the amino acid sequence of Bacillus

subtilis GTP cyclohydrolase II as shown in SEQ ID NO: 2.
Thus, 1n one embodiment the modified GTP cyclohydrolase
II comprises one or more mutation(s) including 1, 2, 3 or 4
mutation(s) on amino acid position(s) corresponding to posi-
tions 270, 279, 308, and/or 347 of SEQ ID NO:2. Preferably,
the modified enzyme 1s obtainable from B. subtilis and com-
prises mutated amino acid positions 270, 279, 308, and/or 347
as shown m SEQ ID NO:2, corresponding to amino acids
G270, Q279, K308, and M374, respectively.

In a further preferred embodiment the at least one mutation
1s at one ore more amino acid positions selected from the
group consisting of amino acid positions corresponding to

positions 276,279, 308 and 3477 of the amino acid sequence of
Bacillus subtilis GTP cyclohydrolase 11 as shown 1n SEQ 1D

NQO: 2. Thus, 1n a further embodiment the modified GTP
cyclohydrolase II comprises one or more mutation(s) includ-
ing 1, 2, 3 or 4 mutation(s) on amino acid position(s) corre-
sponding to positions 276, 279, 308, and/or 34’7 of the amino
acid sequence of Bacillus subtilis GTP cyclohydrolase 1I as
shown in SEQ 1D NO:2. Pretferably, the modified enzyme 1s
obtainable from B. subtilis and comprises mutated amino acid
positions 276, 279, 308, and/or 347 as shown in SEQ ID
NO:2, corresponding to amino acids A276, Q279, K308, and
M374, respectively.

Preferably, the one or more amino acid mutation(s) of the
modified GTP cyclohydrolase II 1s one or more amino acid
substitution(s).

A modified GTP cyclohydrolase 11 may comprise one or
more mutation(s) including only one mutation on an amino
acid position as defined above, such mutation, particularly an
amino acid substitution, may include one mutation on an
amino acid position corresponding to position 261, 270, 276,
279, 308, or 347 of the amino acid sequence of Bacillus
subtilis G'TP cyclohydrolase 11 as shown 1 SEQ 1D NO:2.
The amino acid present 1n the non-modified GTP cyclohy-
drolase II corresponding to position 261 may be valine, the
amino acid present 1n the non-modified GTP cyclohydrolase
II corresponding to position 270 may be glycine, the amino
acid present in the non-modified GTP cyclohydrolase II cor-
responding to position 276 may be alanine, the amino acid
present 1n the non-modified GTP cyclohydrolase II corre-
sponding to position 279 may be glutamine, the amino acid
present 1n the non-modified GTP cyclohydrolase II corre-
sponding to position 308 may be lysine, and the amino acid
present 1n the non-modified GTP cyclohydrolase II corre-
sponding to position 347 may be methionine.

The amino acid 1n the sequence of the non-modified GTP
cyclohydrolase 11 maybe changed such that the amino acid
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corresponding to position 261 may be changed to alanine
(e.g. V261A), the amino acid corresponding to position 270
may be changed to alanine or arginine (e.g. G270A and
(G270R), the amino acid corresponding to position 276 may
be changed to threonine (e.g. A276T), the amino acid corre-
sponding to position 279 may be changed to arginine (e.g.
Q279A), the amino acid corresponding to position 308 may
be changed to argimine (e.g. K308R), and the amino acid
corresponding to position 347 may be changed to 1soleucine
(e.g. M3741). In one embodiment, the modified enzyme 1s
obtainable from B. subtilis comprising an amino acid substi-
tution 1n a position of SEQ ID NO:2 which 1s selected from
the group consisting of position 261, 270, 276, 279, 308, and
347. Preterably, the substitution 1s V261 A, G270A, G270R,
A276T, Q279R, K308R or M3471.

A modified GTP cyclohydrolase II may comprise one or
more mutation(s) including two mutations on amino acid
positions as defined above, such mutations, particularly
amino acid substitutions, may include mutations on amino
acid positions corresponding to two of the positions as
defined above, e.g. combinations of positions corresponding
to positions 261/270, 261/276, 261/279, 261/308, 261/347,
270/2776,270/279, 270/308, 270/347,276/279, 276/308, 276/
347, 279/308, 279/347, or 308/347 as shown in SEQ ID
NO:2. Preferred are amino acid substitutions such as V261 A/
A276T, V261A/Q279R, V261A/K308R, V261A/M3471,
G270A/Q279R, G270A/K308R, G270A/M3471, A276T/
Q279R, A276T/K308R, or A276T/M34°/1, wherein the posi-
tions correspond to the amino acid positions of SEQ ID NO:2.
In one embodiment, such preferred substitutions are com-
prised 1n a modified GTP cyclohydrolase II obtainable from
B. subtilis wherein the non-modified enzyme corresponds to
SEQ ID NO:2. Preferably, the modified B. subtilis GTP

cyclohydrolase 11 as of SEQ ID NO:2 comprises substitutions
V261A/A276T or A276T/M3471.

A modified GTP cyclohydrolase 11 may comprise one or
more mutation(s) imncluding three mutations on amino acid
positions as defined above, such mutations, particularly
amino acid substitutions, may include mutations on amino
acid positions corresponding to three of the positions as

defined above, 1n particular combinations of positions corre-
sponding to positions 261/279/308, 261/279/347, 261/308/

347, 2770/279/308, 270/279/34°7, 270/308/3477, 276/279/308,
2'76/308/347, or 276/279/34°] as shown i SEQ ID NO:2.
Preferred are amino acid substitutions such as V261A/
Q279R/K308R, V261A/K308R/M3471, V261A/Q279R/
M3471, G270A/Q279R/K308R, G270A/K308R/M3471,
G270A/Q279R/M3471, A276T/Q279R/K308R, A276T/
K308R/M3471, or A276T/Q279R/M3471, wherein the posi-
tions correspond to the amino acid positions of SEQ 1D NO:2.
In one embodiment, such preferred substitutions are com-
prised in a modified GTP cyclohydrolase II obtainable from
B. subtilis wherein the non-modified enzyme corresponds to
SEQ ID NO:2. Preferably, the modified B. subtilis GTP
cyclohydrolase IT as of SEQ ID NO:2 comprises substitutions
A276T/Q279R/M3471.

A modified GTP cyclohydrolase II may comprise one or
more mutation(s) including four mutations on amino acid
positions as defined above, such mutations, particularly
amino acid substitutions, may include mutations in amino
acid positions corresponding to four of the positions as

defined above, in particular combinations of positions corre-
sponding to positions 261/279/308/34°7, 2°70/2°79/308/3477, or

2°76/279/308/3477 as shown 1n SEQ ID NO:2. Preferred are
amino acid substitutions such as V261A/Q279R/K308R/
M3471, G270A/Q279R/K308R/M3471 or A276T/Q279R/
K308R/M3471, wherein the positions correspond to the
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amino acid positions of SEQ ID NO:2. In one embodiment,
such preferred substitutions are comprised 1n a modified GTP
cyclohydrolase II obtaimnable from B. subtilis wherein the

non-modified enzyme corresponds to SEQ ID NO:2. Prefer-
ably, the modified B. subtilis GTP cyclohydrolase II as of

SEQ ID NO:2 comprises substitutions A276T/Q279R/
K308R/M3471.

Most preferred are the combinations of mutations dis-
closed 1n Table 1 or 2 (see 1nfra). The amino acid positions
identified in these examples may be transierred to GTP cyclo-
hydrolase 11 enzymes of different origin, as e.g. shown in
Table 4.

The modified GTP cyclohydrolase 11 of the invention may
comprise foreign amino acids, preferably at its N- or C-ter-
minus. “Foreign amino acids” mean amino acids which are
not present 1n a native (occurring in nature) GTP cyclohydro-
lase II, preferably a stretch of at least about 3, at least about 5
or at least about 7 contiguous amino acids which are not
present 1n a native GTP cyclohydrolase I1. Preferred stretches
of foreign amino acids include but are not limited to “tags™
that facilitate purification of the recombinantly produced
modified GTP cyclohydrolase II. Examples of such tags
include but are not limited to a “His,” tag, a FLAG tag, a myc
tag, and the like. For calculation of specific activity, the values
need to be corrected for these additional amino acids (see also
above).

In another embodiment the modified GTP cyclohydrolase
II may contain one or more, €.g. two, deletions when com-
pared with the amino acid sequence of the corresponding
non-modified GTP cyclohydrolase II. Preferably, the dele-
tions atfect N- or C-terminal amino acids of the correspond-
ing non-modified GTP cyclohydrolase II and do not signifi-
cantly reduce the functional properties, e.g., the specific
activity, of the enzyme.

The polypeptides and polynucleotides of the present inven-
tion, including modified GTP cyclohydrolase 11 enzymes,
may be provided i an isolated form, and preferably are
purified to homogeneity. As used herein, the term “1solated”
means that the material 1s removed from its original environ-
ment (e.g., the natural environment 11 1t 1s naturally occur-
ring). For example, a naturally-occurring polynucleotide or
polypeptide present 1n a living microorganism 1s not 1solated,
but the same polynucleotide or polypeptide, separated from
some or all of the coexisting materials 1n the natural system,
1s 1solated. Such polynucleotides could be part of a vector
and/or such polynucleotides or polypeptides may be part of a
composition and still be 1solated 1n that such vector or com-
position 1s not part of 1ts natural environment. An isolated
polypeptide 1s preferably greater than 80% pure, more pret-
erably greater than 90% pure, even more preferably greater
than 95% pure, most preferably greater than 99% pure. Purity
may be determined according to methods known in the art,
e.g., by SDS-PAGE and subsequent protein staining. Protein
bands can then be quantified by densitometry. Further meth-
ods for determining the purity are within the level of ordinary
skall.

The 1invention further relates to a polynucleotide compris-
ing a nucleotide sequence which codes for a modified GTP
cyclohydrolase II according to the mnvention. “Polynucle-
otide” as used herein refers to a polyribonucleotide or
polydeoxyribonucleotide that may be unmodified RNA or
DNA or modified RNA or DNA. Polynucleotides include but
are not limited to single- and double-stranded DNA, DNA
that 1s a mixture of single- and double-stranded regions,
single- and double-stranded RNA, and RNA that 1s a mixture
of single- and double-stranded regions, hybrid molecules
comprising DNA and RNA that may be single-stranded or,
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more typically, double-stranded or a mixture of single- and
double-stranded regions. The term “polynucleotide™ includes
DNA or RNA that comprises one or more unusual bases, e.g.,
1nosine, or one or more modified bases, e.g., tritylated bases.

The polynucleotide of the invention can easily be obtained
by modifying a polynucleotide sequence which codes for a
non-modified GTP cyclohydrolase I1. Examples of such poly-
nucleotide sequences encoding non-modified GTP cyclohy-
drolase II enzymes include but are not limited to the amino
acid sequences 1n Table 4, 1n particular to SEQ ID NOs:2, 33,
35,37,39, 41, and 43. Non-limiting examples of polynucle-
otides encoding modified GTP cyclohydrolase II enzymes
according to the invention are shown in SEQ ID NOs:6, 8, 10,
12,14, 16, 18, 20, 22, 24 and 26.

Methods for introducing mutations, e.g., additions, dele-
tions and/or substitutions into the nucleotide sequence coding,
for the non-modified GTP cyclohydrolase II include but are
not limited to site-directed mutagenesis and PCR-based
methods.

DNA sequences of the present invention can be constructed
starting from genomic or cDNA sequences coding for GTP
cyclohydrolase 11 enzymes known 1n the state of the art, as are
available from, e.g., Genbank (Intelligenetics, Californa,
USA), Furopean Biomnformatics Institute (Hinston Hall,
Cambridge, GB), NBRF (Georgetown University, Medical
Centre, Washington D.C., USA) and Vecbase (University of
Wisconsin, Biotechnology Centre, Madison, Wis., USA) or
from the sequence information disclosed 1n Table 4 by meth-
ods of in vitro mutagenesis (see e.g. Sambrook et al., Molecu-
lar Cloming, Cold Spring Harbor Laboratory Press, New
York). Another possibility of mutating a given DNA sequence
which 1s also preferred for the practice of the present inven-
tion 1s mutagenesis by using the polymerase chain reaction
(PCR). DNA as starting material can be 1solated by methods
known 1n the art and described, e.g., in Sambrook et al.
(Molecular Cloning) from the respective strains/organisms. It
1s, however, understood that DNA encoding a GTP cyclohy-
drolase II to be constructed/mutated 1n accordance with the
present invention can also be prepared on the basis of aknown
DNA sequence, €.g. by construction of a synthetic gene by
methods known 1n the art (as described, e.g., in EP 747483).

The polynucleotide of the mvention may be an 1solated
polynucleotide, 1.e. a polynucleotide that 1s substantially free
from other nucleic acid sequences such as but not limited to
other chromosomal and extrachromosomal DNA and RNA.
Conventional nucleic acid purification methods known to
people skilled 1n the art may be used to obtain 1solated poly-
nucleotides. The term also embraces recombinant polynucle-
otides and chemically synthesized polynucleotides.

In yet another embodiment the invention pertains to a func-
tional polynucleotide 1n which a promoter, a ribosome-bind-
ing site, 1f necessary as 1n the case of bacterial cells, and a
terminator are operably linked with a polynucleotide accord-
ing to the mnvention. In yet a further embodiment the invention
pertains to a vector or plasmid comprising such a polynucle-
otide. The vector or plasmid preferably comprises at least one
marker gene. The term “operably linked” as used herein refers
to the association of nucleic acid sequences on a single
nucleic acid fragment so that the function of one 1s atfected by
the other. For example, a promoter 1s operably linked with a
coding sequence when 1t 1s capable of alfecting the expres-
sion of that coding sequence, 1.¢., the coding sequence 1s
under the transcriptional control of the promoter. Coding
sequences may be operably linked to regulatory sequences 1n
sense or anti-sense orientation. The term “expression”
denotes the transcription of a DNA sequence into mRNA
and/or the translation of mRNA 1nto an amino acid sequence.
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The term “over-expression” means the production of a gene
product 1n a modified organism (e.g., modified by transior-
mation or transfection) that exceeds levels of production in
the corresponding non-modified organism by deregulating
the expression of the gene and/or by multiplying the gene
itsell inside of the organism.

Once complete DNA sequences of the present mvention
have been obtained, they may be integrated into vectors or
directly mtroduced into the genome of a host organism by
methods known 1n the art and described 1n, e.g., Sambrook et
al. (s.a.) to (over-) express the encoded polypeptide 1n appro-
priate host systems. However, a man skilled 1n the art knows
that also the DNA sequences themselves can be used to trans-
form the suitable host systems of the invention to get (over-)
expression of the encoded polypeptide.

Suitable host cells may be eukaryotic or prokaryotic cells.
Examples of suitable host cells include but are not limited to
bacterial cells such as cells of cyanobactena, streptococci,
staphylococci, enterococcy, e.g., Bacilli as, e.g., Bacillus sub-
tilis, or Streptomyces, as, €.g. Streptomyces lividans or Strep-
tococcus pneumoniae, E. coli as, e.g., E. coli K12 strains, e.g.
M15 or HB 101. The host cells may be a fungal cell including
yeast cells, such as cells of Aspergilli, e.g. Aspergillus niger
or Aspergillus orvzae, Trichoderma, e.g. Trichoderma reesei,
Ashbya, e.g. Ashbyva gossypii, Evemothecium, e.g. Eremoth-
ecium ashbyii, Saccharomyces, e.g. Saccharomyces cerevi-
siae, Candida, e.g. Candida flaveri, Pichia, e.g. Pichia pas-
torvis, Hansenula polymorpha, e.g. H. polymorpha (DSM
5215), and Kluyveromyces. A suitable host cell may further be
selected from animal cells, including mammalian cells, such
as for instance CHO, COS, Hel.a, 313, BHK, 293, CV-1 and
isect cells like Drosophila S2 and Spodoptera S19 cells; and
plant cells such as cells of a gymnosperm or angiosperm.

Vectors which may be used for expression in fungi are
known 1n the art and described e.g. 1n EP 420358, or by Cullen
ctal. (Bio/Technology 35,369-376, 19877), Ward (1n Molecular
Industrial Mycology, Systems and Applications for Filamen-
tous Fungi, Marcel Dekker, New York, 1991), Upshall et al.
(Bio/Technology 5, 1301-1304, 1987), Gwynne et al. (Bio/
Technology 5, 71-79, 1987), or Punt et al. (J. Biotechnol. 17,
19-34, 1991), and for yeast by Sreekrishna et al. (J. Basic
Microbiol. 28, 265-2778, 1988; Biochemistry 28, 4117-4125,
1989), Hitzemann et al. (Nature 293, 717-722,1981) orin EP
183070, EP 183071, EP 248227, or EP 263311. Suitable
vectors which may be used for expression in . coli are known
in the art as described by Sambrook et al. (s.a.). Vectors which
may be used for expression in Bacilli are known 1n the art and
described, e.g. in EP 207439 or EP 4035370, by Yansura and
Henner 1n Proc. Natl. Acad. Sci. USA 81, 439-443 (1984), or
by Henner, Le Grice and Nagarajan in Meth. Enzymol. 185,
199-228, 1990. Vectors which maybe used for expression in
H. polymnorpha are known 1n the art as described, e.g. 1n
Gellissen et al., Biotechnology 9, 291-295, 1991.

Either such vectors already carry regulatory elements, e.g.
promoters, or the polynucleotides of the present invention
may be engineered to contain such elements. Suitable pro-
moter elements which may be used are known 1n the art and
are, e.g., for Trichoderma reesei the cbhl- or the pkil-pro-
moter, for Aspergillus oryzae the amy-promoter, and for
Aspergillus niger the glaA-, alcA-, aphA-, tp1A-, gpdA- and
the pkiA-promoter. Suitable promoter elements which may
be used for expression 1n yeast are known 1n the art and are,
¢.g., the pho5- or the gap-promoter for expression in Saccha-
romyces cerevisiae, and e.g. the aox1-promoter for Pichia
pastoris or the FMD- or MOX promoter for H. polymorpha.

Suitable promoters and vectors for bacterial expression
include, e.g., a synthetic promoter described by Giacomini et
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al. (Gene 144, 17-24, 1994), the vegl promoter from Bacillus
subtilis or the strong bacteriophage TS5 promoter. Appropriate
teachings for expression of the claimed (mutant) GTP cyclo-
hydrolase Il enzymes 1n bacteria, either by appropriate plas-
mids or through integration of GTP cyclohydrolase I1-encod-
ing DNA sequences into the chromosomal DNA, may be
found 1 many places, e.g., U.S. Pat. No. 6,322,993,

Accordingly, vectors comprising a polynucleotide of the
present mnvention, preferably for the expression of said poly-
nucleotides 1n bacterial, fungal, animal or plant hosts, and
such transformed bacteria or fungal, animal or plant hosts are
also an object of the present invention.

The mvention further relates to a method for producing
riboflavin, a riboflavin precursor, FMN, FAD, or one or more
derivatives thereof, comprising:

(a) culturing the host cell of the mvention 1n a suitable
medium under conditions that allow expression of the modi-
fied GTP cyclohydrolase II 1n said host cell; and

(b) optionally separating the product (ribotlavin, a ribofla-
vin precursor, FMN, FAD, or one or more derivatives thereot)
from the medium.

Such a method can be used for the biotechnological pro-
duction of either one or more of the following products:
ribotlavin, a ribotlavin precursor, FMN, FAD, or one or more
derivatives thereof. Such dermvatives may include tlavopro-
teins.

Methods of genetic and metabolic engineering of suitable
host cells according to the present invention are known to the
man skilled 1n the art. Stmilarly, (potentially) suitable purifi-
cation methods for riboflavin, a riboflavin precursor, FMN,
FAD, or one or more derivatives thereof are well known 1n the
area of fine chemical biosynthesis and production.

It 1s understood that methods for biotechnological produc-
tion of rboflavin, a riboflavin precursor, FMN, FAD, or one
or more dertvatives thereol according to the present invention
are not limited to whole-cellular fermentation processes as
described above, but may also use, e.g., permeabilized host
cells, crude cell extracts, cell extracts clarified from cell rem-
nants by, e.g., centrifugation or filtration, or even reconsti-
tuted reaction pathways with isolated enzymes. Also combi-
nations of such processes are 1n the scope of the present
invention. In the case of cell-free biosynthesis (such as with
reconstituted reaction pathways), it 1s irrelevant whether the
1solated enzymes have been prepared by and 1solated from a
host cell, by 1n vitro transcription/translation, or by still other
means.

The mvention further relates to a method for producing a
modified GTP cyclohydrolase II of the invention comprising;:

(a) culturing a host cell of the invention under conditions
that allow expression of the modified GTP cyclohydrolase 11
of the invention; and

(b) recovering the modified GTP cyclohydrolase 11 from
the cells or from the media.

The modified GTP cyclohydrolase 11 enzymes of the inven-
tion may be prepared from genetically engineered host cells
comprising appropriate expression systems.

For recombinant production of the polypeptides of the
invention, host cells may be genetically engineered to incor-
porate polynucleotides or vectors or plasmids of the mven-
tion. Introduction of a polynucleotide or vector into the host
cell may be effected by standard methods known 1n the art
such as calcium phosphate transiection, DEAE-dextran
mediated transfection, microinjection, cationic lipid-medi-
ated transfection, electroporation, transduction, ballistic
introduction and infection.

A great variety of expression systems may be used to
produce the modified GTP cyclohydrolase 11 enzymes of the
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invention. Such vectors include, among others, those
described supra. Generally, any system or vector suitable to
maintain, propagate or express polynucleotides and/or to
express a polypeptide in a host may be used for expression in
this regard.

In recombinant expression systems in eukaryotes, for
secretion of a translated protein 1nto the lumen of the endo-
plasmic reticulum, 1nto the periplasmic space or into the
extracellular environment, appropriate secretion signals may
be mcorporated into the expressed polypeptide. These signals
may be endogenous to the polypeptide or they may be heter-
ologous signals.

Polypeptides of the invention may be recovered and puri-
fied from recombinant cell cultures by well-known methods
including ammonium sulfate or ethanol precipitation, acid
extraction, anion or cation exchange chromatography, phos-
phocellulose chromatography, hydrophobic interaction chro-
matography, affinity chromatography, hydroxyapatite chro-
matography, and high performance liquid chromatography.
Well-known techniques for protein refolding may be
employed to regenerate active conformation when the
polypeptide 1s denatured during 1solation and/or purification.

GTP cyclohydrolase II enzymes of the present invention
may also be expressed in plants according to methods as
described, e.g., by Pen et al. in Bio/Technology 11, 811-814,
1994 or in EP 4493775, preferably 1n seeds as described, e.g.,

in EP 449376. Some suitable examples of promoters and
terminators include those from nopaline synthase (nos),
octopine synthase (ocs) and cauliflower mosaic virus
(CaMV) genes. One type of efficient plant promoter that may
be used 1s a high-level plant promoter. Such promoters, in
operable linkage with the genetic sequences of the present
invention should be capable of promoting expression of a
gene product of the present invention. High-level plant pro-
moters that may be used 1n this invention include the promoter
of the small subunit (ss) of the ribulose-1,5-bisphosphate
carboxylase, for example from soybean, and the promoter of
the chlorophyll a/b binding protein.

Where commercial production of the instant proteins 1s
desired, a variety of culture methodologies may be applied.

For example, large-scale production of a specific gene prod-
uct, overexpressed from a recombinant microbial host may be
achieved by both batch or continuous culture methodologies.
Batch and fed-batch culturing methods are common and well
known 1n the art, and examples have been described by Tho-
mas D. Brock in Biotechnology: A Textbook of Industrial
Microbiology, Second Edition (1989), Sinauer Associates,
Inc., Sunderland, Mass., or Deshpande, Appl. Biochem. Bio-
technol. 36, 227-234, 1992. Methods of modulating nutrients
and growth factors for continuous culture processes as well as
techniques for maximizing the rate of product formation are
well known 1n the art of industrial microbiology, and a variety
of methods are detailed by Brock, supra.

Fermentation media may further contain suitable carbon
substrates. Suitable substrates may include but are not limited
to monosaccharides such as glucose and fructose, oligosac-
charides such as lactose or sucrose, polysaccharides such as
starch or cellulose or mixtures thereol and unpurified mix-
tures from renewable feedstocks. It 1s contemplated that the
source of carbon utilized 1n the present invention may encom-
pass a wide variety of carbon containing substrates and will
only be limited by the choice of organism.

The invention further relates to a method for the prepara-
tion of a GTP cyclohydrolase II having increased specific
activity, comprising the following steps:
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(a) providing a polynucleotide encoding a first GTP cyclo-
hydrolase II with a specific activity that, desirably, should be
increased:;

(b) introducing one or more mutation(s) into the polynucle-
otide sequence such that the mutated polynucleotide
sequence encodes a modified GTP cyclohydrolase II com-
prising one or more mutation(s) when compared to the first
GTP cyclohydrolase 11 wherein the one or more mutation(s)
include 1, 2,3, 4, 5, or 6 mutation(s) on amino acid position(s)
corresponding to positions 261, 270, 276, 279, 308 and/or
347 of SEQ ID NO:2;

(c) optionally 1nserting the mutated polynucleotide 1n a
vector or plasmid;

(d) introducing the polynucleotide or the vector or plasmid
into a suitable host cell; and

(¢) culturing the host cell under conditions that allow
expression of the modified GTP cyclohydrolase 11.

The present invention includes further the provision of a
method for the preparation of a GTP cyclohydrolase IT having,
increased specific activity, comprising the following steps:

(a) providing a polynucleotide encoding a first GTP cyclo-
hydrolase II with a specific activity that, desirably, should be
increased;

(b) providing the positions that have an effect on the spe-
cific activity;

(¢) defining the optimal amino acid for replacement of a
given amino acid of the wild-type GTP cyclohydrolase 11 as
defined 1n (b) and 1ntroducing one or more mutations mto the
polynucleotide sequence of (a) at the positions defined 1n (b)
such that the mutated polynucleotide sequence encodes a new
GTP cyclohydrolase II;

(d) optionally inserting the mutated polynucleotide 1n a
vector or plasmid;

(d) introducing the polynucleotide or the vector or plasmid
into a suitable host cell; and

(¢) culturing the host cell under conditions that allow
expression of the modified GTP cyclohydrolase 11.

In one embodiment, step (¢) or the method described above
1s performed via saturated mutagenesis. However, 1t 1s under-
stood that this may be not the only way to define the amino
acid which should replace an amino acid at a given position of
the wild-type GTP cyclohydrolase II in order to obtain a
modified GTP cyclohydrolase II with increased specific
activity.

The preparation of a modified GTP cyclohydrolase II hav-
ing 1ncreased specific activity from a non-modified GTP
cyclohydrolase II as described above, e.g., via saturated
mutagenesis, includes, but 1s not limited to, the preparation of
mutated GTP cyclohydrolase II proteins from non-modified
proteins as in Table 4, in particular those identified by SEQ 1D
NOs:2, 33, 35,37, 39, 41, and 43, such as for example non-
modified GTP cyclohydrolase 11 proteins of Bacillus subtilis
or Ashbya gossypii. The primers used for the PCR reaction are
such that one primer, e.g., the sense primer, may contain a
mutated nucleotide sequence and the other primer, e.g., the
anti-sense primer, may contain the wild-type nucleotide
sequence. PCR with these primer pairs and genomic DNA of
the wild-type ribA may result 1n a PCR product carrying the
particular mutation at a given position, depending on the
mutated nucleotide sequence of the primer used. After puri-
fication of the resulting PCR products using standard meth-
ods like, e.g., the QI Aquick PCR purification kit (Qiagen), the
DNA may be cut with restriction enzymes such as BamHI and
EcoRlI, ligated into a suitable vector, e.g., pQE60, and trans-
formed 1nto a strain which 1s negative for GTP cyclohydrolase
II. An example for such a strain 1s the £. coli strain Rib7/

(Richter etal., J. Bacteriol. 1753, 4045-40351, 1993) containing
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the plasmid pREP4. After confirmation of the correct
sequence by DNA sequencing, the mutated RibA may be
purified and characterized as described above. 1T Ashbya gos-
sypii 1s used for the generation of a GTP cyclohydrolase 11
having increased specific activity, saturated mutagenesis has
to be performed at amino acid residues/positions 1126, G135,
Al41,1.144, N182 and 1221 corresponding to the respective
residues V261, G270, A276,0Q279, K308 and M347/ of Bacil-
lus subtilis GTP cyclohydrolase II as of SEQ ID NO:2 that

were shown to have an impact on the specific activity of the
latter enzyme (see Table 4).

The preferred embodiments of this method correspond to
the preferred embodiments of the modified GTP cyclohydro-
lase 11, the polynucleotides encoding them, the vectors and
plasmids, the host cells, and the methods described herein.
The first and second GTP cyclohydrolase II correspond to the
non-modified and modified GTP cyclohydrolase 11, respec-
tively (see supra).

It 1s an object of the present invention to provide a poly-
nucleotide comprising a nucleic acid sequence coding for a
modified GTP cyclohydrolase 11 as described above, a vector,
preferably an expression vector, comprising such a poly-
nucleotide, a host cell which has been transformed by such a
polynucleotide or vector, a process for the preparation of a
GTP cyclohydrolase II of the present invention wherein the
host cell as described before 1s cultured under suitable culture
conditions and the GTP cyclohydrolase II 1s 1solated from
such host cell or the culture medium by methods known 1n the
art, and a process for the biotechnological production of
ribotlavin, a ribotlavin precursor, FMN, FAD, or one or more
derivatives thereof based on a host cell which has been trans-
formed by such a polynucleotide or vector, and/or which may
have stably integrated such a polynucleotide into its chromo-
some(s).

It 1s also an object of the present invention to provide (1) a
DNA sequence which codes for a GTP cyclohydrolase 11
carrying at least one of the specific mutations of the present
invention and which hybridizes under standard conditions
with any of the DNA sequences of the specific modified GTP
cyclohydrolase II enzymes of the present invention, or (11) a
DNA sequence which codes for a GTP cyclohydrolase 11
carrying at least one of the specific mutations of the present
invention but, because of the degeneracy of the genetic code,
does not hybridize but which codes for a polypeptide with
exactly the same amino acid sequence as a DNA sequence
which hybridizes under standard conditions with any of the
DNA sequences of the specific modified GTP cyclohydrolase
II enzymes of the present invention, or (111) a DNA sequence
which 1s a fragment of such DNA sequences which maintains
the activity properties of the polypeptide of which 1t 1s a
fragment.

“Standard conditions™ for hybridization mean in the con-
text of the present invention the conditions which are gener-
ally used by a man skilled 1n the art to detect specific hybrid-
1zation signals and which are described, e.g. by Sambrook et
al., “Molecular Cloning”, second edition, Cold Spring Harbor
Laboratory Press 1989, New York, or preferably so-called
stringent hybridization and non-stringent washing conditions
or more preferably so-called stringent hybridization and
stringent washing conditions a man skilled 1n the art 1s famil-
iar with and which are described, e.g., 1n Sambrook et al.
(s.a.). A specific example of stringent hybridization condi-
tions 1s overnight mcubation (e.g., 15 hours) at 42° C. 1n a
solution comprising: 50% fornamide, SxSSC (150 mM Na(l,
15 mM trisodium citrate), 50 mM sodium phosphate (pH 7.6),
Sx Denhardt’s solution, 10% dextran sulfate, and 20 ug/ml of
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denatured, sheared salmon sperm DNA, followed by washing
the hybridization support in 0.1xSSC at about 65° C.

It 1s furthermore an object of the present invention to pro-
vide a DNA sequence which can be obtained by the so-called
polymerase chain reaction method (“PCR”) by PCR primers
designed on the basis of the specifically described DNA
sequences of the present invention. It 1s understood that the so

obtained DNA sequences code for GTP cyclohydrolase 11
enzymes with at least the same mutation as the ones from
which they are designed and show comparable activity prop-
erties.

The various embodiments of the mnvention described
herein may be cross-combined.

Multiple sequence alignment was calculated by the pro-
gram PILEUP of the GCG program package of 92 GTP

cyclohydrolase II sequences found by the program BLASTN
using standard databases as SWISS-PROT and TrEMBL
(Candida guilliermondii, Ashbya gossypii, Saccharomyces
cerevisiae, Neurospora crassa, Schizosaccharomyces pombe,
Archaeoglobus fulgidus, Streptomyces coelicolor, Helico-
bacter pylori 199, Helicobacter pylori, Pyrococcus furiosus,
Thermotoga maritima, Chlamyvdia muridarum, Chlamydia
trachomatis, Chlamvdia caviae GPIC, Arabidopsis thaliana,
Lvcopersicum exculentum, Oryza sativa, Alcaligenes eutro-
phus, Neisseria meningitidis (serogroup A), Neisseria men-
ingitidis (serogroup B, two GTP cyclohydrolase II enzymes),
Pseudomonas putida (two G'TP cyclohydrolase II enzymes),
Pseudomonas syringae (two GTP cyclohydrolase 11
enzymes), Actinobacillus actinomycetemcomitans (Haemo-
philus actinomycetemcomitans), Haemophilus influenzae,
Pasteurella multocida, Escherichia coli, Escherichia coli O6,
Salmonella tvphimurium, Yersinia pestis, Buchnera aphidi-
cola (subsp. Acyrthosiphon pisum) (Acyrthosiphon pisum
symbiotic bactertum), Buchnera aphidicola (subsp. Schiza-
phis graminum), Wigglesworthia glossinidia brevipalpis,
Buchnera aphidicola (subsp. Baizongia pistaciae), Mycobac-
terium leprae, Mycobacterium tuberculosis, Corynebacte-
rium efficiens, Corynebacterium glutamicum, Corynebacte-
rium ammoniagenes (Brevibacterium ammoniagenes),
Staphviococcus aurveus, Staphyviococcus epidermidis, Actino-
bacillus pleuropneumoniae, Lactococcus lactis (Streptococ-
cus lactis), Streptococcus agalactiae, Streptococcus pneumo-
niae, Clostridium acetobutylicum, Fusobacterium
nucleatum, Anabaena spec., Synechocystis spec., Synechoc-
occus elongatus (Thermosynechococcus elongatus), Bacillus
amvloliquefaciens, Bacillus subtilis, Bacillus cerveus, Bacil-
lus halodurans, Clostridium perfringens, Clostridium tetani,
Chlorvobium tepidum, Aguifex aeolicus, Leptospira initerro-
gans, Deiniococcus radiodurans, Bacteroides thetaiotaomi-
cron, Caulobacter crescentus, Coxiella burnetii, Rhizobium
etli, Lactobacillus plantarum, Pseudomonas glumae, Strep-
tomyces avermitilis, Photobacterium phosphorveum, Azospir-
illum brasilense, Agrobacterium tumefaciens, Rhizobium
meliloti (Sinorhizobium meliloti), Brucella melitensis, Bru-
cella suis, Rhizobium loti (Mesorhizobium loti), Nitrosomo-
nas europaea, Ralstonia solanacearum (Pseudomonas
solanacearum), Xanthomonas axonopodis, Xanthoinonas
campestris, Vibrio parahaemolyticus, Vibrio vulnificus,
Vibrio cholerae, Vibrio fischeri, Shewanella oneidensis, Pho-
tobacterium phosphoreum, Photobacterium Ileiognathi,
Pseudomonas aeruginosa, Dehalospivillum multivorans,
Xvlella fastidiosa). Numbering relates to the alignment made.
Some of the amino acid sequences code for an enzyme that
has just G'TP cyclohydrolase I activity like the enzymes from
Ashbya gossypii, Streptomyces coelicolor, Helicobacter
pylori 199, Heliobacter pylori, Arabidopsis thaliana, Alcali-
genes eutrophus, Neisseria meningitidis (serogroup A), Neis-
seria meningitidis (serogroup B), Pseudomonas putida,
Pseudomonas syringae, Actinobacillus actinomycetemcomi-
tans (Haemophilus actinomycetemcomitans), Haemophilus
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influenzae, Pasteurella multocida, Escherichia coli, Escheri-
chia coli 06, Salmonella tvphimurium, Yersinia pestis, Buch-
nera aphidicola (subsp. Acyrthosiphon pisum) (Acyrthosi-
phon pisum symbiotic bacterium), Buchnrera aphidicola
(subsp. Schizaphis graminum), Wigglesworthia glossinidia
brevipalpis, Buchnera aphidicola (subsp. Baizongia pista-
ciae), Pseudomonas glumae, Streptomyces avermitilis, or
Photobacterium phosphoreum. Other enzymes like the RibA
enzyme from B. subtilis contain, 1n addition, a domain having
DHBP synthase activity. Positions that are homologous/
equivalent to the amino acid residues found to have a positive
cifect on specific activity (amino acid residues 261, 270, 276,
279,308, 34'7) and on protease sensitivity (196) of RibA from
B. subtilis are discussed 1n one of the following examples. The
numbering used for those positions 1s done according to the 5.
subtilis wild-type amino acid sequence.

The following non-limiting examples further illustrate the
ivention.

EXAMPLE 1

Measurement of GTP Cyclohydrolase 11 Activity and
Determination of Specific Activity

The enzymatic assay used for measuring GTP cyclohydro-

lase II activity was adapted from Ritz et al. (J. Biol. Chem.
2'76,22273-22277,2001). The final assay builer contained 50

mM Trnis/HCI, pH 8.5, 10 mM MgCl,, 7.5 mM mercaptoet-
hanol, 2.5 mM GTP and 0.1 mg/ml bovine serum albumin.
After purification (see Example 5), the enzyme was kept in a
buifer containing 50 mM Tris/HCI, pH 8.5, 10 mM MgCl,,
7.5 mM mercaptoethanol, and 10% glycerol. Substrate was
added to the enzyme and the absorption at 310 nm, at which
GTP shows no absorption, was followed over 20-30 min. The
final reaction mixture contained between 0.02 and 0.04
mg/ml GTP cyclohydrolase 11 from B. subtilis or one of the
mutants as shown in Table 1 or 2. An absorption coelficient of
6.28 [mM ™" cm™'] for DRAPP was used for the calculation of
the activity. Protein determination was done with the Protein
Assay from Bio-Rad (Cat. No. 500-0002, Bio-Rad Labora-
tortes AG, Nenzlingerweg 2, CH-4153 Reinach, Switzer-
land).

According to the definition of “specific activity” given
above, one unit 1s the amount of RibA that catalyzes the
formation of 1 umol DR APP per minute under the conditions
as described above. The specific activity 1s the amount of
DRAPP that 1s formed by 1 mg of RibA per minute under the
conditions as described above. Using the alorementioned
definitions, the specific GTP cyclohydrolase 11 activity of the
His-tagged RibA protein of B. subtilis was 0.115 U/mg.

EXAMPLE 2

Testing of the Quality of the Enzymatic Assay

An optimal assay should fulfill a number of requirements,
such as linearity with enzyme concentration and linearity
with time. Using the conditions described in Example 1 and
22 ng enzyme, the increase in the absorption at 310 nm was
followed over 25 min. To test in which range the assay 1s
linear with the enzyme concentration, the dependence of the
assay on increasing enzyme concentration (0-40 ng His,-
tagged RibA) was tested. The assay proved to be linear over
25 min and between 0 and 40 ng His-tagged RibA from B.
subtilis.

After this the dependence of the GTP cyclohydrolase 11
activity of His.-tagged RibA from B. subtilis on GTP con-
centration was tested. The conditions as described 1n
Example 1 were used. However, the GTP concentration was

varied from 0.05 to 2.5 mM final concentration. The data
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indicate a K_ value for GTP of 0.07 mM and a specific
activity of around 115 mU/mg protein at 37° C. for the GTP
cyclohydrolase 1I activity of the His.-tagged RibA enzyme
from B. subtilis. The experiments of this example showed that
the GTP cyclohydrolase II activity assay, 1n fact, 1s linear with
time and enzyme (GTP cyclohydrolase II) concentration, and
that under the given conditions for Bacillus subtilis GTP
cyclohydrolase II, a GTP concentration of 2.5 mM may be

optimal to allow reliable measurements of the specific activ-
ity of the enzyme.

EXAMPLE 3

Isolation of Genomic DNA ftrom Bacillus Subtilis

B. subtilis was grown at 30° C. in Veal Infusion Broth
(Becton Dickinson, Sparks, Md. 21152, USA) overnight. 1.5
ml culture was transierred into a 1.5 ml tube and centrifuged.

The cell pellet was resuspended 1n 0.5 ml suspension butier
(50 mM Tris/HCI, pH 7.5, 50 mM Na,EDTA, 15% sucrose
and 1 mg/ml freshly added lysozyme). After 10 min incuba-
tion at room temperature 1 pl diethyloxydiformate was added.
Then 10 ul of 10% SDS solution was added and the tube was
inverted several times. The tube was incubated for 5 min at
70° C. to release the bacterial DNA. 50 ul 5 M potassium
acetate was added, the tube was cooled on 1ce and left there
for 45 min. After this, the sample was centrifuged for 30 min
at 4° C. The supernatant was transierred imnto a new 1.5-ml
tube, which was filled (up to 1.5 ml) with ethanol at room
temperature. After S min centrifugation, the supernatant was
discarded and the DNA pellet was dried. Then the DNA was
washed with 70% and 96% ethanol and dissolved in 10 mM
Tris/HCI, pH 7.5, 1 mM EDTA, and 10 ng/ml RNase A.

EXAMPLE 4

Construction of the Expression Plasmids for
Expressing RibA Coding for GTP Cyclohydrolase 11

and DHBP Synthase from B. Subtilis and 1ts Mutants

Cloning of the ribA gene (SEQ ID NO:1) of B. subtilis that
codes for the GTP cyclohydrolase II and the DHBP synthase
was done by PCR. Genomic DNA of B. subtilis was 1solated
according to Example 3. 100 ng of this DNA or of a template
coding for a mutated form of the ribA gene were used for a
PCR using primers RibA 1S (SEQ ID NO:27) and RibA 1AS
(SEQ ID NO:28). The following PCR conditions were used:
2 uM of each primer, 0.2 mM of each nucleotide, 2.5 U of a
proof-reading DNA polymerase (Stratagene, Gebouw Calif.,
1101 CB Amsterdam Zuidoost, The Netherlands), and 100 ng
genomic DNA 1n the appropriate butler as supplied together
with the DNA polymerase.

Temperature regulation was as follows:
Step 1: 3 min at 95° C.

Step 2: 30 sec at 95° C.

Step 3: 30 sec at 52° C.

Step 4: 60 sec at 72° C.

Steps 2 to 4 were repeated 30-times.

The PCR product of 1.3 kb was used as template for PCR
2, 1n which primer RibA 1S was replaced by primer RibA 25
(SEQ ID NO:29). The PCR product of this reaction (SEQ ID
NO:3), encoding an N-terminally His.-tagged version of B.
subtilis RibA (SEQ ID NO:4), was separated by agarose gel
clectrophoresis, eluted from the gel, digested with EcoRI and
BamHI, and ligated into the EcoRI and BamHI digested
vector pQE60 (Qiagen AG, Hilden, Germany). The plasmid
was called pQE60ribANhis.
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EXAMPLE 5

Characterization of the Wild-Type and the Mutant
Enzymes

The generation of mutated enzymes was performed using
methods described above and which are known to the skilled

person. Mutants of RibA from B. subtilis that were further
investigated are depicted in Table 1. All mutant genes were
cloned into a pQE60 vector as described 1n Example 4. All
final constructs contained an N-terminal His-tag.

TABLE 1
Rib A mutants as defined by the amino acid exchanges compared
to the wild-type RibA protein of B. subtilis (the numbers define the
respective amino acid positions in SEQ ID NO: 2)
SEQ
SEQIDNO IDNO

Mutant (DNA) (protein)
RibA M3471 9 10
RibA G270R 23 24
RibA K220E, G270A 19 20
RibA Y196C, A276T, A282T 11 12
(PCR III)
RibA Y196C, A276T 5 6
RibAY196C, V261A 7 8
RibA Y196C, V261A,A276T 25 26
RibA Y196C, A276T, A282T, M347] 13 14
RibA Y196C, A276T, Q279R, A282T, M3471 15 16
RibA Y196C, A276T, Q279R, A282T, 17 18
K308R, M347I (construct C)
RibA 21 22

Y196C, A276T, Q279R, A282T, K30&8R,
F325Y, M347I1 (construct E)

The RibA mutant enzymes were expressed from the plas-
mids ol Example 4 and purified as described 1n “The QiaEx-
pressionist”, (Qiagen, Hilden, Germany, March 2001, edition
5. The enzymatic properties of the purified enzymes (RibA
mutants) were analyzed as described in Examples 1 and 2.

Table 2 compares the specific GTP cyclohydrolase 11 activi-
ties of the RibA mutants (see Table 1) to that of the GTP

cyclohydrolase 1I of the wild-type RibA of B. subtilis. The
activity was measured using the N-terminally His -tagged
enzyme versions of RibA as described 1n Example 4. The
numbers define the respective amino acid positions in SEQ ID

NO:2.

TABLE 2

Comparison of the specific GTP cyclohydrolase II activities of

mutated and wild-type (WT) B. subtilis RibAs
(all N-terminally His, -tagoed)

specific activity

(1n % relative to
Mutations wild-type RibA)
WT 100
M3471 120
G270R 140
G270A, (K220E) 160
(Y196C), A276T, (A282T) 160
(Y196C), A276T 160
(Y196C), V261A 160
(Y196C), V261A, A276T 160
(Y196C), A276T, (A282T), M3471 180
(Y196C), A276T, Q279R, (A282T), M3471 185
(Y196C), A276T, Q279R, (A282T), K308R, M3471 201
(Y196C), A276T, Q279R, (A282T), K308R, 200

(F325Y), M3471
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The amino acid replacements 1n parentheses have most
probably no etfect on GTP cyclohydrolase II activity of the

mutants. Amino acid exchange Y196C reduces the protease
sensitivity of RibA.

EXAMPLE 6

Construction of Recombinant B. Subtilis Strains
Over-Expressing RibA Mutants that Show a Higher
Specific GTP Cyclohydrolase 11 Activity

In the following example, the mutated ribA polynucleotide
sequences of RibA Y196(C,A276T,282T (PCR III), RibA
Y196C,A276T,Q279R,A282T,K308R,M347I (construct C),
and RibA YI196C,A276T,Q279R,A282T,K308R,F3253Y,
M3471 (construct E) were first introduced 1nto a vector con-
taining the strong constitutive promoter P, __,, and then further
manipulated in £. coli. Transformation of a natural competent
B. subtilis microorganism with the polynucleotide sequence
and flanking vector sequences resulted 1n a B. subtilis strain
over-expressing the mutated ribA. Standard recombinant
DNA techniques were used for the construction of the poly-
nucleotide sequence and the B. subtilis strains. See, for
example, Sambrook et al., Molecular Clonming. A Laboratory
Manual (2”¢ Ed.), Cold Spring Harbor Laboratory Press
(1989), and Harwood and Cutting, Molecular Biology Meth-
ods for Bacillus, John Wiley and Sons (1990).

To amplity the mutated ribA, a 1.2-kb DNA fragment
containing the entire ribA coding sequence was amplified by
PCR using DNA from a plasmid containing mutants PCR III,
construct C or construct E, and RibANde+1 (SEQ ID NO:30)
and RibA4AS (SEQ ID NO:31) as primers.

The reaction conditions for the PCR reaction consisted of
30 cycles of denaturation at 95° C. for 1 min, annealing at 52°
C. for 1 min, and extension at 72° C. for 2 min. The Ptu Turbo
DNA polymerase (Stratagene, Gebouw Calif., 1101 CB
Amsterdam Zuidoost, The Netherlands) was used to mini-
mize PCR-generated errors. The PCR products were purified
using the QIAquick PCR purification kit ((Q1agen), and dou-
bly digested using Ndel and BamHI. The digested PCR prod-
ucts were cloned into the pXI116 vector (Huembelin et al., J.
Ind. Microbiol. Biotechnol. 22, 1-7, 1999), which consists of
suitable restriction sites for the cloning of polynucleotide
sequences immediately downstream ol the strong constitutive
P,..; promoter from B. subtilis. The pXI16 vector also con-
tains the cry'l transcriptional terminator from B. thuringien-
sis, the sacB flanking sequences for homologous recombina-
tion 1nto the B. subtilis genome by a double-crossover event,
and an erythromycin-resistance marker. That each plasmid
contained the mutated ribA was confirmed by DNA sequenc-
ng.

Each plasmid was digested with Apal to remove the spacer
region from the P, promoter, re-ligated and digested again
with Fspl, and transformed into natural competent B. subtilis
1012 cells. Transformants were selected on TBAB plates
(Tryptose Blood Agar Base, Becton Dickinson, Sparks, Md.
21152, USA) containing erythromycin to a final concentra-
tion of 2 ug/ml. DNA sequencing verified that the mutated
ribA polynucleotide sequences were correct 1n these strains.
Overproduction of rniboflavin was tested according to
Example 7.

The mutated ribA polynucleotide sequences driven by the
P, .. promoter were mtroduced 1nto ribotlavin over-produc-
ing B. subtilis strain RB50::(pRF69), ::(pRF93) ., which has
been described 1in Perkins et al., J. Ind. Microbiol. Biotechnol.
22:8-18 (1999), by generalized transduction. Standard tech-
niques using bacteriophage PBS1 were employed according,
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to Harwood and Cutting, Molecular Biology Methods for
Bacillus, John Wiley and Sons (1990). Transductants were
selected for on TBAB plates containing erythromycin to a
final concentration of 2 ug/ml. Transformants were checked
by PCR analysis and DNA sequencing to verify correct inser-
tion of the mutated ribA polynucleotide sequence.

EXAMPLE 7

Improved Production of Riboflavin Using a GTP
Cyclohydrolase 11 with Increased Specific Activity

[l

To test the 1n vivo eflect of mutations atfecting the specific
activity ol GTP cyclohydrolase 11, the Bacillus subtilis GTP
cyclohydrolase II (RibA) mutants PCR 111, construct C, or
construct E were introduced 1nto riboflavin over-producing B.

subtilis strains, such as strain RB50::(pRF69), ::(pRF93)
(Perkins et al, J. Ind. Microbiol. Biotechnol. 22, 8-18, 1999),
¢.g. 1n the sacB locus. The production of riboflavin was com-
pared directly in two recombinant strains of B. subtilis that
differ only by the presence or absence of the mutations in the
ribA gene. Culturing of the Bacillus strains was done as
described 1n Example 8.

EXAMPLE 8

Culture Conditions for Evaluating Riboflavin
Production

Ribotlavin production was tested 1n fed-batch cultivations
of riboflavin-overproducing B. subtilis strain RB350::
(pRF69) ::(pRF93) 1n which the GTP cyclohydrolase II
mutants PCR III, construct C, or construct E driven by the
P, ..;promoter were integrated in the sacB locus (see Example
6). Fermentation of the strains was done as described in EP

405370.

EXAMPLE 9

Analytical Methods for Determination of Ribotlavin

For determination of ribotlavin, the following analytical
method can be used (Bretzel et al, J. Ind. Microbiol. Biotech-
nol. 22, 19-26, 1999).

The chromatographic system was a Hewlett-Packard 1100
System equipped with a binary pump, a column thermostat
and a cooled autosampler. Both a diode array detector and a
fluorescence detector were used 1n line. Two signals were
recorded, UV at 280 nm and a fluorescence trace at excitation
446 nm, emission 520 nm.

A stainless-steel Supelcosil LC-8-DB column (150x4.6
mm, 3 um particle size) was used, together with a guard
cartridge. The mobile phases were 100 mM acetic acid (A)
and methanol (B). A gradient elution according to the follow-
ing scheme was used:

Time [min] % A % B
0 08 2
6 08 2
15 50 50
25 50 50

The column temperature was set to 20° C., and the tlow rate
was 1.0 ml/min. The run time was 25 min.
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Fermentation samples were diluted, filtered and analyzed
without further treatment. Riboflavin was quantitated by
comparison with an external standard. The calculations were
based on the UV signal at 280 nm. Riboflavin purchased from
Fluka (9471 Buchs, Switzerland) was used as standard mate-
rial (purity=99.0%).

EXAMPLE 10

(L]

Identification of Corresponding Residues in GTP

Cyclohydrolase 11 Enzymes that are Homologous to
Bacillus subtilis GTP Cyclohydrolase 11

A multiple amino acid sequence alignment of 92 different

GTP cyclohydrolase II enzymes found by the program
BLASTN using standard databases such as SWISS-PROT

and TrEMBL was calculated with the program “PILEUP”
(GCG Wisconsin Package, version 10.2, Accelrys Inc., 9685
Scranton Road, San Diego, Calif. 92121-3752, USA) using

the following parameters: gap creation penalty 8, gap exten-
sion penalty 2, and blosum62.cmp matrix (default param-
cters).

A homologous GTP cyclohydrolase II 1n the context of the
present invention may show sequence similarity with any of
the GTP cyclohydrolase 11 amino acid sequences shown in
Table 4, which. serves as an example and 1s not meant to be a
complete collection of all known GTP cyclohydrolase 11
enzymes. Homologous residues, 1.e. residues of the different
GTP cyclohydrolase 11 enzymes that are located at the same
position 1n the amino acid sequence alignment, are expected
to be stmilarly positioned in the 3D structure of each protein
and to fulfill in each protein a comparable function structure-
wise and function-wise. Amino acid residues homologous to
the amino acid residues of the GTP cyclohydrolase I from B.
subtilis are discussed 1n the Examples.

Amino acid residues of 92 different organisms correspond-
ing to specific amino acid positions, 1.e. positions that are
homologous/equivalent to the amino acid residues found to
have a positive effect on specific activity (amino acid residues
261, 270,276, 279, 308, 347) of the amino acid sequence of
Bacillus subtilis GTP cyclohydrolase 11 (SEQ 1D NO:2) are
summarized in Table 4, wherein the number 1n the left column
defines the organism, starting with the name of the sequence
used, the database accession number, and 1n parenthesis the
source organism of the sequence:

(1) gch2_bacsu: SWISS-PROT: gch2_bacsu (Bacillus sub-
tilis)

(2) gch2_cangu: geneseqp:aay69776 (Candida guillier-
mondii)

(3) gch2_ashgo: TrEMBL: CAA02912: (Ashbya gossypii
(Lremothecium gosypii))

(4) gch2_vyeast: SWISS-PROT: gch2_vyeast (Saccharomy-
ces cerevisiae)

(5) gch2_neucr: TrEMBL: Q871B3 (Neurospora crassa)

(6) gch2_schpo: TrEMBL: Q9P7M9 (Schizosaccharomy-
ces pombe)

(7) gch2_arctu: SWISS-PROT: gch2_arciu (Archaeoglo-
bus fulgidus)

(8) gch2_strco: SWISS-PROT: gch2_strco (Streptomyces
coelicolor)

(9) gch2_helpy: SWISS-PROT: gch2_helpy (Helicobacter
pylori 199)

(10) gch2_helpy: SWISS-PROT: gch2_helpy (Heliobacter

pylori)
(11) gch2_pyriu: TrEMBL: Q8U4L’7 (Pyrococcus furio-

SUS)
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(12) gch2_thema: SWISS-PROT: gch2_thema (7hermo-

toga maritima)
(13) gch2_chlmu: SWISS-PROT: gch2_chlmu (Chlamy-

dia muridarum)

(14) gch2_chltr: SWISS-PROT: gch2_chltr (Chlamvdia
trachomatis)

(15) gch2_chlca: TrTEMBL: AAPO5635 (Chlamydia caviae
GPIC)

(16) gch2_chlpn: SWISS-PROT: gch2_chlpn (Chlamvdia
preumoniae)

(17) gch2_arath: SWISS-PROT: gch2_arath (Arabidopsis
thaliana)

(18) gch2_lyces: TrEMBL: CACO09119 (Lvcopersicum
esculentum)

(19) gch2_orysa: TrEMBL: AAO72560 (Oryza sativum)

(20) gch2_alceu: TrEMBL: Q9F184 (Alcaligenes eutro-
phus)

(21) gch2_neima: SWISS-PROT: gch2_neima (Neisseria
meningitidis (serogroup A))

(22) gch2_neimb: SWISS-PROT: gch2_neimb (Neisseria
meningitidis (serogroup B))

(23) gch2_psepk: SWISS-PROT: gch2_psepk (Pseudomo-
nas putida (strain K'12440))

(24)  gch2_psesm: SWISS-PROT:
(Pseudomonas syringae (pv. tomato))

(25) gch2_actac: TrEMBL: Q9JRRO (Actinobacillus acti-
nomycetemcomitans (Haemophilus actinomycetemcomi-
tans))

(26) gch2_haein: SWISS-PROT: gch2_pasmu gch2_haein
(Haemophilus influenzae)

(27) gch2_pasmu: SWISS-PROT: (Pasteurella multocida)

(28) gch2_ecO6: TrEMBL: Q8FHUS (Escherichia coli
06)

(29) gch2__ecoli: SWISS-PROT: gch2__ecoli (Escherichia
coli)

(30) gch2_salty: TrEMBL: Q8XFY7 (Salmonella tyvph-
IMUrium)

(31) gch2_vyerpe: TrEMBL: Q8ZEFO0 (Yersinia pestis)

(32) gch2_bucai: SWISS-PROT: gch2_bucai (Buchnera
aphidicola (subsp. Acyrthosiphon pisum) (Acyrthosiphon
pisum symbiotic bacterium))

(33) gch2_bucap: SWISS-PROT: gch2_bucap (Buchnera
aphidicola (subsp. Schizaphis graminum))

(34) gch2_wigbr: SWISS-PROT: gch2_wigbr (Wiggles-
worthia glossinidia brevipalpis)

(35) gch2_bucbp: SWISS-PROT: gch2_wigbr (Buchnera
aphidicola (subsp. Baizongia pistaciae))

(36) gch2_mycle: TrEMBL: Q9CCP4 (Mycobacterium
leprae)

(37) gch2_myctu: SWISS-PROT: gch2_myctu (Mycobac-
tervium tuberculosis)

(38) gch2_corel: TrEMBL: Q8FT157 (Corynebacterium
efficiens)

(39) gch2_corgl: GENESEQP: AAB79913 (Corynebacte-
rium glutamicum)

(40) gch2_coram: SWISS-PROT: gch2_coram (Coryne-
bacterium ammoniagenes (Brevibacterium ammoniagenes))

(41) gch2_staau: TrEMBL: Q8NW14 (Staphyvlococcus
aureus (strain MW2))

(42) gch2_staecp: GENESEQP: ABP40248 (Staphviococ-
cus epidermidis)

(43) gch2_actpl: SWISS-PROT: gch2_actpl (Actinobacil-
lus pleuropneumoniae)

(44) gch2_lacla: TrEMBL: Q9CGU7 (Lactococcus lactis
(subsp. lactis) (Streptococcus lactis))

(45) gch2_stcag: TrEMBL: Q8E658 (Streptococcus aga-
lactiae (serotype I11))

gch2_psesm
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(46) gch2_stcpn: TrEMBL: Q8DRF1 (Streptococcus
preumoniae (strain ATCC BAA-255/R6))

(47) gch2_cloac: TrEMBL: Q97LG9 (Clostridium aceto-
butylicum)

(48) gch2_fusnu: TrEMBL: Q8RIR1 (Fusobacterium
nucleatum (subsp. nucleatum))

(49) gch2_anasp: TrEMBL: Q8RIR1 (Anabaena sp. (strain
PCC 7120))

(30) gch2_syny3: SWISS-PROT: gch2_syny3 (Syr-
echocystis sp. (strain PCC 6803))

(31) gch2_synel: TrEMBL: Q8DI164 Synechococcus elon-
gatus (Thermosynechococcus elongatus)

(52) gch2_bacam: SWISS-PROT: gch2_bacam (Bacillus
amyloliquefaciens)

(353) gch2_bacce: TrEMBL: AAP11030 (Bacillus cereus
ATCC 14579)

(34) gch2_bacha: TrEMBL: Q9KCL5 (Bacillus halodu-

rans)

(35) gch2_clope: TrEMBL: Q8XMXO0 (Clostridium per-
fringens)

(56) gch2_clote: TrEMBL: Q897Q8 (Clostridium tetani)

(37) gch2_chlte: TrEMBL: Q8KC35 (Chlorobium tepi-
dum)

(38) gch2_aquae: SWISS-PROT: gch2_aquae (Aquifex
aeolicus)

(39) gch2_lepin: TrEMBL: Q8F701 (Leptospira interro-

aans)
(60) gch2_deira: TrEMBL: Q9RXZ9 (Deinococcus radio-

durans)

(61) gch2_bacth: TrEMBL: Q8AS528 (Bacteroides thetaio-
taomicron)

(62) gch2_caucr: TrEMBL: Q9A9S5 (Caulobacter cres-
centus)

(63) gch2_coxbu: TrTEMBL: AAO90191 (Coxiella burnetii
RSA 493)

(64) gch2_rhiet: TrEMBL: Q8KIL.38 (Rhizobium etli)

(65) gch2_lacpl: TrEMBL: Q88X17 (Lactobacillus plan-
tarum)

(66) gch2_psegl: TrEMBL: Q8RS38 (Pseudomonas glu-
mae)

(67) gch2_strav: TrEMBL: BAC71833 (Streptomyces
avermitilis)

(68) gch2_phopo: SWISS-PROT: gch2_phopo (Photobac-
terium phosphoreum)

(69) gch2_azobr: SWISS-PROT: gch2_azobr (Azospiril-
[um brasilense)

(70) gch2_agrtu: TrEMBL: Q8UHCY9 (Agrobacterium
tumefaciens (strain C58/ATCC 33970))

(71) gch2_rhime: TrEMBL: Q92RH?2 (Rhizobium meliloti
(Sinorhizobium meliloti))

(72) gch2_brume: TrEMBL: Q8YFLS5 (Brucella meliten-
Sis)

(73) gch2_brusu: TrEMBL: Q8G298 (Brucella suis)

(74) gch2_rhilo: TrEMBL: Q98573 (Rhizobium loti (Me-
sorhizobium loti))

(75) gch2_braja: TrEMBL: Q89RZ7 (Bradyrhizobium
Japonicum)

(76) gch2_niteu: TrEMBL: CADRg6468 (Nitrosomonas
europaea XI'CC 19718)

(77) gch2_ralso: TrEMBL: Q8Y1H7 (Ralstonia solan-
acearum (Pseudomonas solanacearum))

(78) gch2_neime: TrEMBL: Q91277 (Neisseria meningiti-
dis (serogroup B, second enzyme found))

(79) gch2_xanax: TrEMBL: Q8PPD7 (Xanthomonas axo-
nopodis (pv. citr1))

(80) gch2_xanca: TrEMBL: Q8PCMS8 (Xanthomonas
campestris (pv. campestris))
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(81) gch2 wvibpa: TrEMBL: Q87RUS5 (Vibrio para-
haemolyticus)

(82) gch2_vibvu: TrEMBL: Q8DF98 (Vibrio vulnificus)

(83) gch2_vibch: TrEMBL: Q9KPU3 (Vibrio cholerae)

(84) gch2_wvibfi: TrEMBL: Q8G9GS5 (Vibrio fischeri)

(85) gch2 sheon: TrEMBL: Q8EBP2 (Shewanella
oneidensis)

(86) gch2_phoph: TrEMBL: Q8G9H7 (Photobacterium
phosphoreum)

(87) nibb_phole: TrEMBL: Q93E93 (Photobacterium
leiognathi)

(88) gch2_psepu: TrEMBL: Q88GB1 (Pseudomonas

putida (strain K12440, second enzyme found))

(89) gch2_psesy: TrEM.

gae (pv. Tomato, second enzyme found))

(90) gch2_pseae: Tr.
aeruginosa)

(91) nbb_dehmu: SWISS-PROT: ribb_dehmu (Deha-

lospirillum multivorans)

(92) gch2_xylia: TrEM.

BL: QY87D69 (Xvlella fastidiosa

(strain Temeculal/ATCC 700964 ))

TABL.

(Ll

4

BL: Q882G0 (Pseudomonas syrin-

EMBL: Q9HWX4 (Pseudomonas

Positions/amino acid residues corresponding to positions
V261, G270, A276, Q279, K308, and M347 of RibA of

bB. subtilis as of SEQ
column refer to the d

) NO: 2. The numbers in the left
ifferent organisms (see above).

SEQ ID NO
DNA; protein

(1) V261 G270 A276 Q279 K308 M347 1;2
(2) T181 G190 Al196 LL199 N228 1267

(3) T126 G135 Al4l [L144 NI1R2 [221 32; 33
(4) N133 G162 Al68 L171 N211 V250

(5) T255 G264 A270 L.273 N305 1344

(6) T176 G185 Al91 L194 N223 1262

(7) V139 G248 A254  M257 K287 1326

(8) A7T3 G882  ASRR Q91 Al2l V160

(9) A60 G69 A75 R78 Al06 M145

(10) A60 G69  A75 R78  Al06 M145

(11) T151 G160 Al6b T169 E297 1336

(12) V245 G254 F260 Y263 S291 V330

(13) V267 G276 A282 Y285 A315 V354

(14) 1267 G276 A282 Y285 A315 V354

(15) 1272 G281 A287 Y290 A320 1359

(16) 1272 G281 A287 Y290 A320 1359

(17) 191 G100 S106 Q109 NI139 M178

(18) 1299 G308 A314 Q317 N347 M386

(19) 1295 G304 A310 [L313 N343 M382

(20) V61 G70 A76 K79 R109 V148

(21) A60 G69  A75 A78 HI107 V146

(22) A60 G69 A75 A78 HI107 V146

(23) AS59 G68 A74 A77 EL06 L.145

(24) AS9 G68 A74 A77 E106 L.145

(25) A6l G70 A76 A79  S108 1147

(26) A6l G70 A76 A79  S108 V147

(27) A6l G70 A76 A79 S108 V147

(28) A0 G89  A95 Q98 Al127 V166

(29) AS5S9 G68 A74 Q77 Al0O6 V145 34;35
(30) AS9 G68 A74 H77 Al06 V145

(31) AS9 G68 A74 R77 AlO6 V145

(32) AS57 G66  §72 R75 Al04 1143

(33) AS9 G68 A74 R77 S106 1145

(34) AS59 G68 A74 H77 S106 1145

(35) A60 G69 A75 E78  Al107 1146

(36) V279 G288 A294  M297 Q327 M366

(37) V269 G278 A284  M287 Q317 M356

(38) V281 G290 S296 M299 Q329 1368

(39) V273 G282 S288 L.291 Q321 LL360 36; 37
(40) V274 G283 S289 [292 S322 A361

(41) 1259 G268 S274 Y277 E305 1344

(42) 1263 G272 8276 Y279 E309 1348

(43) A264 G273 A279 Q282 E311 1350

(44) A262 G271 A277 K280 8309 1.348
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TABLE 4-continued

26
TABLE 4-continued

Positions/amino acid residues corresponding to positions
V261, G270, A276, Q279, K308, and M347 of RibA of
B. subtilis as of SEQ ID NO: 2. The numbers 1n the left

Positions/amino acid residues corresponding to positions
V261, G270, A276, Q279, K308, and M347 of RibA of
B. subtilis as of SEQ ID NO: 2. The numbers 1n the left

column refer to the different organisms (see above). 5 column refer to the different organisms (see above).
SEQ ID NO SEQ ID NO
DNA; protein DNA; protein
(45) V261 G270 A276 Q279 H30¥ 1347 (72) V264 — 1275 R278 R305 [345
(46) V261 G270 A276  M279 H308  1.347 10 (73) V264 — 1275  R278% R305 1345
(47) V264 G273 A279 A282 M311 V350 (74) V264 — 1274 A27T — 1340
(48) 1261 G270 A276 R279 N308 1347 (75) 1261 — V271 H274 — [330
(49) A301 R310 A316 M319 S34% [3R7 (76) L262 S271  A277 V280 D303 M33%
(50) A265 R274 A280 M2&83 8312 I351 (77) L285 5294 A300 A303 Q327 M362
(51) A267 R276 A2%2 M285 S315 1353 (78) F263 S271  A277 H280 D303 [.336
(52) V26l G270 A276 Q279 R308 M347 3R8; 39 15 (79) L262 G271 A277 A280 R304 [.339
(53) V260 G269 A275 Q278 K307 L.346 40; 41 (80) L262 G271 A277 A280 R304 [.339
(54) V264 G273 A279 Q282 K311 M350 42;43 (81) V261 S271  A277 R280 R303 M343
(55) V244 G253 A259 K262 K291 1330 (82) L261 S271  A277 R280 R303 M343
(56) A265 G274 A2R0 A283 N312 I351 (83) L261 S271  A277 R280 R303 M343
(57) T267 G276 A2R2 M285 N314 M353 (84) 1261 S271  A277 R280 R303 M343
(58) V270 R279 A2R5 M288 E317 M356 (85) L260 5270 A276 R279 K302 M343
(59) 1263 G272 A278 M281 N310 M349 20 (86) 1262 — A275 R278 K301 M341
(60) A269 G278 A2¥4 A287 A316 L.355 (87) 1262 — A275 R278 Q301 [330
(61) 1265 G274 A2R1 MZ283 K314 M351 (88) L262 N272 A27% K281 R305 [.342
(62) A260 G269 8276 Q278 A307 V346 (89) L262 N272 A27% R281 R305 [.342
(63) V265 G274 A280 E283  A311 1350 (90) L262 R270 A276 K279 H303 M339
(64) A283 G292 A298 A301 8330 V369 (91) L269 Y276 A282 Y285 — [324
(65) V262 G271 A277 K280 A309 V34K 25 (92) L230 (239 8245 1248 G277 I316
(66) V70 G79 885 [88 RI117 V156
(67) V66 G75 ARl R4  All2 [.151
(68) G61 G70 176 I79 K108 1147 Th - - -
e examples shown 1n Table 4 serve as 1llustration of the
(69) L250 G259 A265 E268 R297 V336 L P , , _
(70) V264 — Y274 K277 K304 1340 principle. Corresponding residues can be determined for all
(71) V264 — 1274  R277 K304 340 other GTP cyclohydrolase II amino acid sequences that are
homologous to any one of the sequences shown 1n Table 4.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 43
<210> SEQ ID NO 1
<211> LENGTH: 1197
<212> TYPE: DNA
<213> ORGANISM: Bacillus subtilis
<400> SEQUENCE: 1
atgtttcatc cgatagaaga agcactggac gctttaaaaa aaggcgaagt catcatcgtt 60
gtagatgatg aagacagaga aaatgaagga gactttgtgg ctcttgccga gcatgcaacyg 120
ccggaagtca ttaactttat ggcgacacat gggagaggac tgatctgcac gccgcectcecagt 180
gaggaaatcg cagacaggct tgatcttcac cctatggttg agcataatac agactctcac 240
cacactgcat ttaccgtaag catagaccat cgtgaaacga agacaggtat cagcgctcaa 200
gaaagatctt ttaccgttca agcattgctg gacagcaaat ccgtgccatc tgattttcag 260
cgtccgggge acatttttece actgattgcg aaaaaaggag gtgtcocctgaa aagagcgggc 420
catacagaag ctgctgttga tcttgctgaa gcttgtggat ctccaggagce cggcgtcatt 480
tgtgaaatta tgaatgaaga cggaacgatg gcgagagtgc ctgagctcat tgaaattgcg 540
aaaaagcatc aattaaaaat gatcaccatt aaggatttga ttcaataccg ttacaatctg 600
acaacacttg tcgagcgtga agttgacatt acgctgccta ctgattttgg gacatttaag 660
gtttatggat acacaaatga ggtagatgga aaagagcatg tcgcatttgt gatgggagat 720
gtgccgttceg gagaagaacc ggtattggtce cgggtgcatt cagaatgtct cacaggtgac 780
gtgtttggct ctcatcgctg tgattgcgga ccgcagcectgce acgccgcegcet gaaccaaatt 840



gccgcagaag

atcaataaat

gaggcgcettyg

gacctcggtyg

gaaggctacg

aataaaaaat

<210> SEQ I
<211> LENGT
<212> TYPE:
<213 >

gcecgtggagt
taaaagctta
gattcttgcc
tccggaatat
gactcagtat
atttgcaaac
D NO 2

H: 398
PRT

<400> SEQUENCE: 2

27

gctcocctgtac
taagcttcag
ggatcttcgc
gaagcttttyg
ttcagaaaga

caaaatgaac

ttgcgccaag
gaacaaggct
aactatggca
acgaataatc
gtgccgcttc

aagctaggtc

ORGANISM: Bacillus subtilis

US 7,989,189 B2

-continued

dagdacygady

atgacaccgt

tcggagcaca

cgcgaaaaat

aaatggaggc

atttacttca

catcggttta

agaagccaat

aattttacgc

cgcaggcectt

gaaagaacac

Cttctaa

Met Phe Hig Pro

1

Val

Val

Thr

ASpP

65

His

Tle

Tle

Ala
145

Tle

Leu

ASP

Thr

225

Val

Leu

Leu

Leu

Lys
305

Tle

ala

His

50

Arg

Thr

Ser

Ser

Ala

130

Val

Glu

Glu

Tle

Ile
210

Agn

Pro

Thr

His

Tvyr

290

2la

Tle

Leu

35

Gly

Leu

Ala

Ala

Val

115

ASP

Ile

Tle

Gln

195

Thr

Glu

Phe

Gly

Ala

275

Leu

Val

20

Ala

ATrg

ASP

Phe

Gln

100

Pro

Leu

Met

Ala
180

Leu

Val

Gly

ASDP

260

Ala

ATJg

Tle

5

Val

Glu

Gly

Leu

Thr

85

Glu

Ser

Gly

Ala

Asn

165

Arg

Pro

AsSp

Glu

245

Vval

Leu

Gln

Leu

Glu

ASpP

Hig

Leu

Hisg

70

Val

ATrg

ASpP

Gly

Glu

150

Glu

Thr

Gly

230

Glu

Phe

Agn

Glu

Gln
210

Glu

AsSp

Ala

Tle

55

Pro

Ser

Ser

Phe

Val

135

Ala

Asp

Hisg

Asn

Asp

215

Pro

Gly

Gln

Gly

295

Glu

2la

Glu

Thr

40

Met

Ile

Phe

Gln

120

Leu

Gly

Gln

Leu
200

Phe

Glu

Val

Ser

Tle
280

ATy

Gln

Leu

ASP

25

Pro

Thr

Val

ASP

Thr

105

ATrg

Gly

Thr

Leu
185

Thr

Gly

His

Leu

His

265

Ala

Gly

Gly

ASp

10

Arg

Glu

Pro

Glu

Hisg

50

Val

Pro

Arg

Ser

Met

170

Thr

Thr

Val

Val

250

Arg

2la

Ile

Ala

Glu

Val

Leu

His

75

AYg

Gln

Gly

Ala

Pro

155

Ala

Met

Leu

Phe

Ala
235

AYg

Glu

Gly

ASp
315

Leu

AsSn

ITle

Ser

60

AsSn

Glu

Ala

Hig

Gly

140

Gly

ATYJ

Tle

Val

Lys

220

Phe

Val

ASD

Gly

Leu

300

Thr

Glu

Asn

45

Glu

Thr

Thr

Leu

Ile

125

His

Ala

Val

Thr

Glu

205

Val

Val

Hig

Arg
285

Ile

val

Gly
30
Phe

Glu

ASP

Leu

110

Phe

Thr

Gly

Pro

Tle

120

ATrg

Met

Ser

Gly

270

Gly

Agn

Glu

Gly

15

ASpP

Met

Tle

Ser

Thr

55

ASP

Pro

Glu

Val

Glu

175

Glu

Gly

Gly

Glu
255

Pro

Val

2la

Glu

Phe

Ala

Ala

His

80

Gly

Ser

Leu

Ala

Tle

160

Leu

ASp

Val

ASp

240

Gln

Leu

Leu

Agn
320

900

960

1020

1080

1140

1197

28



Glu

Gln

Asn

Glu

Leu
385

2la

Tle

Pro

Arg

370

Gln

Leu

Leu

ATrg

355

Val

Thr

Gly

ATrg
340

Pro

Phe
325

Asp

Tle

Leu

Met

Leu

Leu

Ala

Gln

Agn
3290

29

Pro
Gly
Gly

Met
375

ASP

Val

Leu

360

Glu

Leu

Leu

Arg

345

Glu

Ala

Gly

ATrg
330

Agn

Gly

His

AgSn

Met

Glu

Leu
395

-continued
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Tyr Gly Ile Gly Ala

Lys

Gly

His

380

Leu

Leu

Leu

365

Agh

His

Leu
350

Ser

Phe

335

Thr

Tle

Agn

Ser

<210>
<211>
<«212>
<213>

<400>

atgagaggat

gaagcactgg

gaaaatgaag

atggcgacac

cttgatecttce

agcatagacc

caagcattgc

ccactgatty

gatcttgctg

gacggaacga

atgatcacca

gaagttgaca

gaggtagatg

ccggtattgy

tgtgattgcyg

gtgctcctgt

tataagcttc

ccggatcettc

atgaagcttt

atttcagaaa

accaaaatga

SEQ ID NO 3
LENGTH:
TYPE :
ORGANISM: Bacillus subtilis

1239
DNA

SEQUENCE: 3

ctcaccatca

acgctttaaa

gagactttgt

atgggagagg
accctatggt
atcgtgaaac
tggacagcaa
cgaaaaaagqg
aagcttgtgg

tggcgagagt

ttaaggattt

ttacgctygcec

gaaaagagca

tccgggtygcea

gaccgcagct

acttgcgcca

aggaacaagg

gcaactatgg

tgacgaataa

gagtgccgct

acaagctagyg

<210> SEQ ID NO 4

<211l> LENGTH:
<212> TYPRE:
<213> ORGANISM: Bacillug subtilis

412
PRT

<400> SEQUENCE: 4

ccatcaccat

aaaaggcgaa

ggctcttgece

actgatctgc

tgagcataat

gaagacaggt

atccgtygceca

aggtgtccty

atctccagga

gcctgagcetce

gattcaatac

tactgatttt

tgtcgcattt

ttcagaatgt

gcacgcacgceyg

agaaggacga

ctatgacacc

catcggagca

tccgcgaaaa

tcaaatggag

tccatttactt

gggatcgatc

gtcatcatcyg

gagcatgcaa

acgccgctca

acagactctc

atcagcgctc

tctgattttce
aaaagagcgg
gccggcgtcea
attgaaattg

cgttacaatc

gggacattta

gtgatgggag

ctcacaggtyg

ctgaaccaaa

ggcatcggtt

gtagaagcca

caaattttac

atcgcaggcec

gcgaaagaac

catttctaa

atatgtttca

ttgtagatga

cgccggaagt

gtgaggaaat

accacactgc

aagaaagatc

agcgtecggy
gccatacaga
tttgtgaaat

cgaaaaagca

tgacaacact

aggtttatgyg

atgtgccgtt

acgtgtttgg

ttgccgcaga

taatcaataa

atgaggcgct

gcgacctcegyg

ttgaaggcta

acaataaaaa

tccgatagaa

tgaagacaga

cattaacttt

cgcagacagyg

atttaccgta

ttttacegtt

gcacattttt

agctgetgtt

tatgaatgaa

Ccaattaaaa

tgtcgagcecgt

atacacaaat

cggagaagaa

ctctcatcgc

aggccgtgga

attaaaagct

tggattectty

tgtccggaat

cggactcagt

atatttgcaa

Met Arg Gly Ser His His His His His His Gly Ile Asp His Met Phe

1

5

10

15

Hig Pro Ile Glu Glu Ala Leu Asp Ala Leu Lys Lys Gly Glu Val Ile

20

25

30

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

12395

30



Tle

Leu

Gly

65

Leu

Ala

Ala

Val

Lys

145

ASP

ITle

Tle

Gln

Thr

225

Glu

Phe

Gly

Ala

Leu

305

Leu

Leu

ATg

Val

385

Thr

Val

2la

50

Arg

ASp

Phe

Gln

Pro

130

Leu

Met

2la

Tyr

210

Leu

Val

Gly

ASpP

2la

290

Arg

Gly

Arg

Lys

370

Pro

Val

35

Glu

Gly

Leu

Thr

Glu
115

Ser

Gly

Ala

Agn

Lys

195

Pro

ASP

Glu

Val

275

Leu

Gln

Leu

Phe

ASP

355

Ile

Leu

Met

ASP

His

Leu

His

Val

100

ATJg

ASP

Gly

Glu

Glu
180

Thr

Gly

Glu

260

Phe

Agn

Glu

Gln

Leu

340

Leu

Ala

Gln

Agn

Asp

2la

Tle

Pro

85

Ser

Ser

Phe

Val

Ala
165

AsSp

His

AsSn

Asp

Lys

245

Pro

Gly

Gln

Gly

Glu

325

Pro

Gly

Gly

Met

Lys
405

<210> SEQ ID NO b5

<211> LENGTH:
<212> TYPE: DNA

<213> ORGANISM: Bacillug subtilis

1239

Glu

Thr

Cvys

70

Met

Tle

Phe

Gln

Leu

150

Gly

Gln

Leu

Phe

230

Glu

Val

Ser

Tle

ATrg

310

Gln

ASpP

Val

Leu

Glu

390

Leu

31

Asp

Pro
55

Thr
Val
Asp
Thr

Arg
135

Gly
Thr
Leu
Thr
215
Gly
Hisg
Leu
Hig
bAla
295
Gly
Gly
Leu
Arg
Glu
375

bAla

Gly

ATrg

40

Glu

Pro

Glu

His

Val

120

Pro

ATrg

Ser

Met

Lys

200

Thr

Thr

Val

Val

ATy

280

Ala

Tle

Arg
Asn
3260

Gly

His

Glu

Val

Leu

His

Arg

105

Gln

Gly

Ala

Pro

Ala

185

Met

Leu

Phe

Ala

ATrg

265

Glu

Gly

ASP

Agn

345

Met

Glu

Leu

AgSh

Tle

Ser

Agh

50

Glu

ala

His

Gly

Gly

170

Arg

Tle

Val

Phe

250

Val

ASpP

Gly

Leu

Thr
330

Gly

His

Leu
410

Glu

Asnh

Glu

75

Thr

Thr

Leu

Ile

His

155

Ala

Val

Thr

Glu

Val

235

Val

His

Arg

ITle

315

Val

Gly

Leu

Leu

Asnh

395

His

-continued

Gly

Phe
60

Glu

ASDP

Leu

Phe
140

Thr

Gly

Pro

Tle

ATYg

220

Met

Ser

Gly

Gly

300

AsSn

Glu

Tle

Leu

Ser

380

Phe

Asp Phe Val

45

Met

Tle

Sexr

Thr

Asp

125

Pro

Glu

Val

Glu

Lys

205

Glu

Gly

Gly

Glu

Pro

285

val

Ala

Gly

Thr

365

Ile

Ala

Ala

His

Gly

110

Ser

Leu

Ala

Ile

Leu
190

ASP

Val

ASP

Cys

270

Gln

Leu

Leu

Agn

Ala

350

Agn

Ser

Thr

ASP

His

55

Tle

Tle

2la

Cys

175

Ile

Leu

ASpP

Thr

Val

255

Leu

Leu

Leu

Glu

335

Gln

Agn

Glu

Leu

US 7,989,189 B2

2la

His

80

Thr

Ser

Ser

Ala

Val
160

Glu

Glu

Tle

Tle

Agn

240

Pro

Thr

Hig

b2la

320

Ala

Tle

Pro

ATrg

Gln
400

32



<400> SEQUENCE: b5

atgagaggat

gaagcactgyg

gaaaatgaag

atggcgacac

cttgatcttc

agcatagacc

caagcattgc

ccactgattyg

gatcttgctyg

gacggaacga

atgatcacca

gaagttgaca

gaggtagatg

ccggtattgy

tgtgattgcy

gtgctcctgt

tataagcttc

ccggatcettc

atgaagcttt

atttcagaaa

accaaaatga

<210>
<211>

ctcaccatca

acgctttaaa

gagactttgt

atgggagagyg

accctatggt

atcgtgaaac

tggacagcaa

cgaaaaaagyg

aagcttgtygy

tggcgagagt

ttaaggattt

ttacgctygcec

gaaaagagca

tccgggtygca

gaccgcagct

acttgcgcca

aggaacaagg

gcaactatgg

tgacgaataa

gagtgccgcet

acaagctagyg

SEQ ID NO 6
LENGTH:

412

33

ccatcaccat
aaaaggcgaa
ggctcttgcce
actgatctgc
tgagcataat
gaagacaggt
atccgtgcca
aggtgtccty
atctccagga
gcctgagetce
gattcaatgc
tactgatttt
tgtcgcattt
ttcagaatgt
gcacgccacy
agaaggacga
ctatgacacc
catcggagca
tccgcgaaaa
tcaaatggag

Ccatttactt

gggatcgatc

gtcatcatcg

gagcatgcaa

acgccgctca

acagactctc

atcagcgctc

tctgattttc

aaaagagcgyg

gccecggcegtca

attgaaattyg

cgttacaatc

gggacattta

gtgatgggag

ctcacaggtyg

ctgaaccaaa

ggcatcggtt

gtagaagcca

caaattttac

atcgcaggcec

gcgaaagaac

catttctaa

US 7,989,189 B2

-continued

atatgtttca

ttgtagatga

cgccggaagt

gtgaggaaat

accacactgc

aagaaagatc

agcgtccggg

gccatacaga

tttgtgaaat

cgaaaaagca

tgacaacact

aggtttatgyg

atgtgccgtt

acgtgtttgg

ttgccgcaga

taatcaataa

atgaggcgct

gcgacctcegyg

ttgaaggcta

acaataaaaa

tccgatagaa

tgaagacaga

cattaacttt

cgcagacagyg

atttaccgta

ttttaccgtt

gcacattttt

agctgetgtt

tatgaatgaa

Ccaattaaaa

tgtcgagcgt

atacacaaat

cggagaagaa

ctctcatcgc

aggccgtgga

attaaaagct

tggattecttg

tgtccggaat

cggactcagt

atatttgcaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

12395

<«212>
<213>

<400>

TYPE :
ORGANISM:

PRT

SEQUENCE :

Met Arg Gly Ser

1

His

Tle

Leu

Gly

65

Leu

Ala

Ala

Val

Pro

Val

2la

50

ATy

ASp

Phe

Gln

Pro
130

Ile

Val

35

Glu

Gly

Leu

Thr

Glu

115

Ser

Glu

20

ASDP

His

Leu

His

Val

100

ATJg

ASDP

Bacillus subtilis

His

Glu

Asp

2la

Ile

Pro

85

Ser

Ser

Phe

Hisg

Ala

Glu

Thr

Cys

70

Met

Tle

Phe

Gln

Hisg

Leu

Asp

Pro

55

Thr

Val

AsSp

Thr

Arg
135

His

ASP

Arg

40

Glu

Pro

Glu

His

Val

120

Pro

His

Ala

25

Glu

Val

Leu

His

ATrg

105

Gln

Gly

His

10

Leu

Agn

Tle

Ser

Agn

50

Glu

ala

His

Gly

Glu

Agn

Glu

75

Thr

Thr

Leu

Tle

Tle

Gly
Phe
60

Glu

ASD

Leu

Phe
140

Asp

Gly

Asp

45

Met

Ile

Ser

Thr

Asp

125

Pro

His

Glu

30

Phe

Ala

Ala

His

Gly

110

Ser

Leu

Met

15

Val

Val

Thr

ASP

His

55

Tle

Tle

Phe

Ile

Ala

His

ATrg

80

Thr

Ser

Ser

Ala



Lys

145

ASp

Tle

Tle

Gln

Thr

225

Glu

Phe

Gly

Ala

Leu
305

Leu

Leu

Arg

Val

385

Thr

<210>
<«211>
«212>
<213>

<400>

Lys

Leu

Met

Ala

Cys

210

Leu

Val

Gly

ASpP

Thr

290

Arg

Gly

Arg

Lys

370

Pro

Gly

Ala

Agn

Lys

195

Arg

Pro

ASP

Glu

Val

275

Leu

Gln

Leu

Phe

ASP

355

Tle

Leu

Met

Gly

Glu

Glu
180

Thr

Gly

Glu

260

Phe

Agn

Glu

Gln

Leu

340

Leu

Ala

Gln

Agn

SEQUENCE :

Val

2la

165

Asp

His

Asn

Asp

Lys

245

Pro

Gly

Gln

Gly

Glu

325

Pro

Gly

Gly

Met

Lys
405

SEQ ID NO 7
LENGTH:
TYPE: DNA

ORGANISM: Bacillus subtilis

1239

7

Leu
150

Gly

Gln

Leu

Phe

230

Glu

Val

Ser

Tle

ATg

310

Gln

ASpP

Val

Leu

Glu

390

Leu

35

Gly

Thr

Leu

Thr

215

Gly

His

Leu

Hig

Ala

295

Gly

Gly

Leu

Arg

Glu

375

Ala

Gly

ATrg

Ser

Met

Lys

200

Thr

Thr

Val

Val

ATy

280

2la

Ile

ATrg
Asn
360

Gly

Hig

Ala

Pro

Ala

185

Met

Leu

Phe

Ala

ATrg

265

Glu

Gly

ASP

ASn

345

Met

Glu

Leu

Gly

Gly

170

Tle

Val

Phe

250

Val

ASpP

Gly

Leu

Thr
330

Gly

His

Leu
4710

His

155

Ala

Val

Thr

Glu

Val

235

Val

His

ATrg

Ile

315

Val

Gly

Leu

Leu

Agn

395

His

-continued

Thr Glu Ala Ala

Gly

Pro

Tle

ATYg

220

Met

Ser

Gly

Gly

300

Asn

Glu

Tle

Leu

Ser

380

Phe

val

Glu

Lys

205

Glu

Gly

Gly

Glu

Pro

285

Vval

Ala

Gly

Thr

365

Tle

Tle
Leu
190

ASP

Val

ASP

Cys

270

Gln

Leu

Leu

AgSh

Ala

350

Agn

Ser

Cys

175

Tle

Leu

ASpP

Thr

Val

255

Leu

Leu

Leu

Glu

335

Gln

Agn

Glu

Leu

US 7,989,189 B2

Val

160

Glu

Glu

Tle

Tle

Agn

240

Pro

Thr

His

2la

320

Ala

Tle

Pro

Arg

Gln
400

atgagaggat

gaagcactygyg

gaaaatgaag

atggcgacac

cttgatcttc

agcatagacc

caagcattgc

ccactgattyg

gatcttgctyg

gacggaacga

atgatcacca

ctcaccatca

acgctttaaa

gagactttgt

atgggagagyg

accctatggt

atcgtgaaac

tggacagcaa

cgaaaaaagg

aagcttgtgy

tggcgagagt

ttaaggattt

ccatcaccat

aaaaggcgaa

ggctcttgcce

actgatctgc

tgagcataat

gaagacaggt

atccgtgcca

aggtgtcctyg

atctccagga

gcctgagcetce

gattcaatgc

gggatcgatc

gtcatcatcg

gagcatgcaa

acgccgctca

acagactctc

atcagcgctc

tctgatttte

aaaagagcgyg

gccggcegtca

attgaaattyg

cgttacaatc

atatgtttca

ttgtagatga

cgccggaagt

gtgaggaaat

accacactgc

aagaaagatc

agcgtccggg

gccatacaga

tttgtgaaat

cgaaaaagca

tgacaacact

tccgatagaa

tgaagacaga

cattaacttt

cgcagacagyg

atttaccgta

ttttaccgtt

gcacattttt

agctgetgtt

tatgaatgaa

Ccaattaaaa

tgtcgagcecgt

60

120

180

240

300

360

420

480

540

600

660

36



gaagttgaca

gaggtagatg

ccggtattygy

tgtgattgcy

gtgctcctgt

tataagcttc

ccggatcettc

atgaagcttt

atttcagaaa

accaaaatga

<210>
<211>

ttacgctgcce

gaaaagagca

tcegggtygca

gaccgcagct

acttgcgcca

aggaacaagg

gcaactatgg

tgacgaataa

gagtgccgct

acaagctagyg

SEQ ID NO 8
LENGTH :

412

37

tactgatttt
tgtcgcattt
ttcagaatgt
gcacgccgcy
agaaggacga
ctatgacacc
catcggagca
tccgcgaaaa
tcaaatggag

Ccatttactt

gggacattta
gtgatgggag
ctcacaggtyg
ctgaaccaaa
ggcatcggtt
gtagaagcca
caaattttac
atcgcaggcc
gcgaaagaac

catttctaa

US 7,989,189 B2

-continued

aggtttatgyg

atgtgccgtt

acgcgtttygy

ttgccgcaga

taatcaataa

atgaggcgct

gcgacctcegyg

ttgaaggcta

acaataaaaa

atacacaaat

cggagaagaa
ctctecatcyge
aggccgtgga
attaaaagct
tggattcttyg
tgtccggaat

cggactcagt

atatttgcaa

720

780

840

500

560

1020

1080

1140

1200

12395

<212 >
<213>

<400>

TYPE :
ORGANISM:

PRT

SEQUENCE :

Met Arg Gly Ser

1

His

Tle

Leu

Gly
65

Leu

Ala

Ala

Val

Lys

145

ASp

Tle

ITle

Gln

Thr

225

Glu

Phe

Pro

Val

ala
50

Arg

ASpP

Phe

Gln

Pro

130

Leu

Met

ala

Cys

210

Leu

Val

Gly

Tle

Val
35

Glu

Gly

Leu

Thr

Glu

115

Ser

Gly

Ala

Agn

Lys

195

Arg

Pro

ASP

Glu

Glu
20

ASP

Hig

Leu

His

Val

100

ATrg

ASP

Gly

Glu

Glu
180

Thr

Gly

Glu
260

Bacillus subtilis

His

Glu

AsSp

Ala

Tle

Pro

85

Ser

Ser

Phe

Val

2la

165

AsSp

Hig

Asn

AsSp

Lys

245

Pro

His

Ala

Glu

Thr

Cys

70

Met

ITle

Phe

Gln

Leu

150

Gly

Gln

Leu

Phe

230

Glu

Vval

His

Leu

AsSp

Pro
55

Thr

Val

Asp

Thr

Arg

135

Gly

Thr

Leu

Thr

215

Gly

Hig

Leu

His

ASP

ATrg

40

Glu

Pro

Glu

Hig

Val

120

Pro

ATy

Ser

Met

Lys

200

Thr

Thr

Val

Val

His

Ala
25

Glu

Val

Leu

His

ATg

105

Gln

Gly

Ala

Pro

Ala

185

Met

Leu

Phe

Ala

Arg
265

His

10

Leu

Agn

Ile

Ser

Agn

90

Glu

2la

His

Gly

Gly

170

Ile

Val

Phe
250

Val

Gly

Glu

Agnh

Glu
75

Thr

Thr

Leu

ITle

His

155

Ala

Val

Thr

Glu

Val

235

Val

His

Ile

Gly

Phe
60

Glu

ASpP

Leu

Phe

140

Thr

Gly

Pro

ITle

ATYg

220

Met

Ser

Asp

Gly

Asp

45

Met

Tle

Ser

Thr

Asp

125

Pro

Glu

val

Glu

Lys

205

Glu

Gly

Gly

Glu

His

Glu

30

Phe

Ala

Ala

His

Gly

110

Ser

Leu

Ala

Tle

Leu

120

ASP

Val

ASP

Cys
270

Met

15

Val

Val

Thr

ASpP

His

o5

Ile

Tle

ala

Cys

175

Tle

Leu

ASpP

Thr

Val

255

Leu

Phe

ITle

b2la

Hig

Arg

80

Thr

Ser

Ser

b2la

Val

160

Glu

Glu

Ile

Tle

Agn

240

Pro

Thr

38



Gly

Ala

Leu
305

Leu

Leu

ATrg

Val

385

Thr

ASpP

2la
290

Arg

Gly

Arg

Lys

370

Pro

2la
275

Leu

Gln

Leu

Phe

ASP

355

Tle

Leu

Met

Phe

Agn

Glu

Gln

Leu

340

Leu

Ala

Gln

Agn

Gly

Gln

Gly

Glu

325

Pro

Gly

Gly

Met

Lys

Ser

Tle

ATg

310

Gln

ASpP

Val

Leu

Glu

390

Leu

39

His
bAla
295

Gly

Gly

Leu

Arg

Glu

375

bAla

Gly

ATrg
280
Ala

Tle

Arg
Asn
360

Gly

His

Glu

Gly

ASP
Asn
345

Met

Glu

Leu

ASpP

Gly

Leu

Thr
330

Gly

His

Leu

Arg

ITle
315

Val

Gly

Leu

Leu

Asnh

395

His

-continued

Gly
Gly
300

AsSn

Glu

Tle

Leu

Ser

380

Phe

Pro Gln Leu

285

val

Lys

Ala

Gly

Thr
365

ITle

Leu

Leu

AgSh

Ala
350

Agn

Ser

Leu

Glu

335

Gln

Agn

Glu

Leu

US 7,989,189 B2

His

Ala
320

2la

Tle

Pro

Arg

Gln
400

<210>
<21l>
<212>
<213>
<400>
atgagaggat
gaagcactgg
gaaaatgaag
atggcgacac
cttgatcttce
agcatagacc
caagcattgc
ccactgattg
gatcttgcty
gacggaacga
atgatcacca
gaagttgaca
gaggtagatg
ccggtattygg
tgtgattgcg
gtgctcctgt
tataagcttc
ccggatcttce
ataaagcttt

atttcagaaa

accaaaatga

405

SEQ ID NO 9
LENGTH :
TYPE :
ORGANISM: Bacillus subtilis

1239
DNA

SEQUENCE: 9

ctcaccatca

acgctttaaa

gagactttgt

atgggagagyg

accctatggt

atcgtgaaac

tggacagcaa

cgaaaaaagg

aagcttgtgy

tggcgagagrt

ttaaggattt

ttacgctgcec

gaaaagagca

tcegggtygcea

gaccgcagct

acttgcgcca

aggaacaagg

gcaactatgg

tgacgaataa

gagtgccgcet

acaagctagyg

ccatcaccat

aaaaggcgaa

ggctcttgece

actgatctgc

tgagcataat

gaagacaggt

atccgtgcca

aggtgtcctyg

atctccagga

gcctgagetce

gattcaatac

tactgatttt

tgtcgeattt

ttcagaatgt

gcacgcacgcyg

agaaggacga

ctatgacacc

catcggagca

tccgcecgaaaa

tcaaatggag

Ccatttactt

410

gggatcgatc

gtcatcatcyg

gagcatgcaa

acgccgctca

acagactctce

atcagcgctc

tctgattttc

aaaagagcgyg

gccggcegtca

attgaaattyg

cgttacaatc

gggacattta

gtgatgggag

ctcacaggty

ctgaaccaaa

ggcatcggtt

gtagaagcca

caaattttac

atcgcaggcec

gcgaaagaac

catttctaa

atatgtttca

ttgtagatga

cgccggaagt

gtgaggaaat

accacactgc

aagaaagatc

agcgtccggg

gccatacaga

tttgtgaaat

cgaaaaagca

tgacaacact

aggtttatgg

atgtgccgtt

acgtgtttygy

ttgccgcaga

taatcaataa

atgaggcgct

gcgacctcgyg

ttgaaggcta

acaataaaaa

tccgatagaa

tgaagacaga

cattaacttt

cgcagacagyg

atttaccgta

ttttacegtt

gcacattttt

agctgetgtt

tatgaatgaa

CCcaattaaaa

tgtcgagcgt

atacacaaat

cggagaagaa

ctctcatcecgc

aggccgtgga

attaaaagct

tggattecttg

tgtccggaat

cggactcagt

atatttgcaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

560

1020

1080

1140

1200

12395

40



<210>
<«211>
<212>
<213>

<400>

PRT

SEQUENCE :

Met Arg Gly Ser

1

Hig

ITle

Leu

Gly

65

Leu

Ala

Ala

Val

Lys

145

ASP

Tle

Tle

Gln

Thr

225

Glu

Phe

Gly

Ala

Leu

305

Leu

Leu

Arg

Pro

Val

Ala

50

Arg

ASp

Phe

Gln

Pro

130

Leu

Met

2la

Tvyr

210

Leu

Val

Gly

ASp

2la

290

ATy

Gly

ATy

Lys
370

Tle

Val

35

Glu

Gly

Leu

Thr

Glu

115

Ser

Gly

Ala

Agn

Lys

195

ATg

Pro

ASP

Glu

Val

275

Leu

Gln

Leu

Phe

ASP

355

Tle

Glu

20

ASP

His

Leu

His

Val

100

ATg

ASP

Gly

Glu

Glu
180

Thr

Gly

Glu

260

Phe

Agn

Glu

Gln

Leu

340

Leu

Ala

SEQ ID NO 10
LENGTH:
TYPE :
ORGANISM: Bacillus subtilis

412

10

His

5

Glu

Asp

Ala

Ile

Pro

85

Ser

Ser

Phe

Val

Ala

165

Asp

His

Asn

Asp

Lys

245

Pro

Gly

Gln

Gly

Glu

325

Pro

Gly

Gly

His

Ala

Glu

Thr

Cvys

70

Met

Tle

Phe

Gln

Leu

150

Gly

Gln

Leu

Phe

230

Glu

Val

Ser

Tle

ATg

310

Gln

ASpP

Val

Leu

41

His
Leu
Asp
Pro
55

Thr
Val
AsSp
Thr
Arg
135
Gly

Thr

Leu
Thr
215
Gly
Hisg
Leu
Hisg
Ala
295
Gly
Gly
Leu

Arg

Glu
375

His

ASP

ATy

40

Glu

Pro

Glu

His

Val

120

Pro

ATrg

Ser

Met

Lys

200

Thr

Thr

Val

Val

Arg

280

Ala

Ile

ATrg

Agn
360

Gly

His

Ala

25

Glu

Val

Leu

His

ATrg

105

Gln

Gly

Ala

Pro

Ala

185

Met

Leu

Phe

Ala

ATg

265

Glu

Gly

ASDP

Agn

345

Ile

His

10

Leu

Agn

Tle

Ser

Agh

50

Glu

2la

His

Gly

Gly

170

Arg

Tle

Val

Phe

250

Val

ASp

Gly

Leu

Thr
330

Gly

Gly

Glu

AgSn

Glu

75

Thr

Thr

Leu

Ile

His

155

Ala

Val

Thr

Glu

Val

235

Val

His

ATrg

Ile

315

Val

Gly

Leu

Leu

-continued

Tle

Gly

Phe
60

Glu

ASDP

Leu

Phe
140

Thr

Gly

Pro

Tle

ATYJ

220

Met

Ser

Gly

Gly

300

AsSn

Glu

Tle

Leu

Ser
380

Asp

Gly

Asp

45

Met

Ile

Sexr

Thr

Asp

125

Pro

Glu

Val

Glu

Lys

205

Glu

Gly

Gly

Glu

Pro

285

Val

Ala

Gly

Thr

365

Tle

His

Glu

30

Phe

Ala

Ala

His

Gly

110

Ser

Leu

Ala

Ile

Leu

120

ASP

Val

ASP

Cys

270

Gln

Leu

Leu

Agn

Ala

350

Agn

Ser

Met

15

Val

Val

Thr

ASP

His

55

Tle

Tle

2la

Cys
175

Tle

Leu

ASP

Thr

Val

255

Leu

Leu

Leu

Glu
335

Gln

Agn

Glu

US 7,989,189 B2

Phe

Tle

Ala

His

80

Thr

Ser

Ser

2la

Val

160

Glu

Glu

Tle

Ile

Agn

240

Pro

Thr

His

Ala

320

Ala

Tle

Pro
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-continued

Val Pro Leu Gln Met Glu Ala Lys Glu His Asn Lys Lys Tyr Leu Gln
390

385

395

Thr Lys Met Asn Lys Leu Gly His Leu Leu His Phe

<210>
<211l>
<212>
<213>
<400>
atgagaggat
gaagcactgg

gaaaatgaag

atggcgacac

cttgatcttce

agcatagacc

caagcattgc

ccactgattyg

gatcttgctg

gacggaacga

atgatcacca

gaagttgaca

gaggtagatg

ccggtattgy

tgtgattgcyg

gtgctcctgt

tataagcttc

ccggatcettc

atgaagcttt

atttcagaaa

accaaaatga

SEQUENCE :

405

SEQ ID NO 11
LENGTH:
TYPE :
ORGANISM: Bacillus subtilis

1239
DNA

11

ctcaccatca

acgctttaaa

gagactttgt

atgggagadg

accctatggt

atcgtgaaac

tggacagcaa

cgaaaaaagyg

aagcttgtgy

tggcgagagt

ttaaggattt

ttacgctgcec

gaaaagagca

tccgggtygcea

gaccgcagct

acttgcgcca

aggaacaagg

gcaactatgg

tgacgaataa

gagtgccgct

acaagctagyg

<210> SEQ ID NO 12

<211> LENGTH:
«212> TYPERE:
<213> ORGANISM:
<400> SEQUENCE:

Met Arg Gly Ser

1

Hig Pro Ile

Tle Val Val

35

Leu Ala Glu

50

Gly Arg Gly

65

412

PRT

12

Hig
5

Glu Glu

20

ASpP Asp

Ala

Hig

Leu Ile

Hig

Ala

Glu

Thr

Cys
70

ccatcaccat

aaaaggcgaa

ggctcttgcece

actgatctgc

tgagcataat

gaagacaggt

atccgtygceca

aggtgtcctyg

atctccagga

gcctgagcetce

gattcaatgc

tactgatttt

tgtcgcattt

ttcagaatgt

gcacgccacyg

agaaggacga

ctatgacacc

catcggagca

tccgcgaaaa

tcaaatggag

tccatttactt

Bacillus subtilis

Hig His

Leu Asp

Asp Arg

40
Pro Glu
55

Thr Pro

Hig

Ala

25

Glu

Val

Leu

410

gggatcgatc

gtcatcatcyg

gagcatgcaa

acgccgctca

acagactctc

atcagcgctc

tctgatttte

aaaagagcgyg

gccggcegtca

attgaaattyg

cgttacaatc

gggacattta

gtgatgggag

ctcacaggtyg

ctgaaccaaa

ggcatcggtt

gtagaagcca

caaattttac

atcgcaggcec

gcgaaagaac

catttctaa

Hisg
10

Gly

Leu

2an Glu

Ile Asn

Glu
75

Ser

atatgtttca
ttgtagatga
cgccggaagt
gtgaggaaat
accacactgce
aagaaagatc
agcgtccecgygy
gccatacaga
tttgtgaaat
cgaaaaagca
tgacaacact
aggtttatgg
atgtgccgtt
acgtgtttgg
ttgccacaga

taatcaataa

atgaggcgcet
gcgacctcgg

ttgaaggcta

acaataaaaa

Ile Asp

Lys Gly

30
Gly Asp
45

Phe
60

Met

Glu Ile

Hig Met

Glu

Phe

Ala

Ala

400

tccgatagaa
tgaagacaga
cattaacttt
cgcagacagyg
atttaccgta
ttttaccgtt
gcacattttt
agctgcetgtt
tatgaatgaa
tcaattaaaa
tgtcgagcecgt
atacacaaat
cggagaagaa
ctctcatcge
aggccegtgga

attaaaagct

tggattectty

tgtccggaat

cggactcagt

atatttgcaa

Phe
15

Val Ile

Val Ala
Hig

Thr

ASpP
80

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

12395



Leu

Ala

Ala

Val

Lys

145

ASP

Tle

Tle

Gln

Thr

225

Glu

Phe

Gly

Ala

Leu

305

Leu

Leu

ATrg

Val

385

Thr

ASpP

Phe

Gln

Pro

130

Lys

Leu

Met

2la

Cys

210

Leu

Val

Gly

ASpP

Thr

290

Arg

Gly

Arg

Lys

370

Pro

Leu

Thr

Glu

115

Ser

Gly

Ala

AgSh

Lys

195

ATg

Pro

ASP

Glu

Val

275

Leu

Gln

Leu

Phe

ASP

355

Ile

Leu

Met

His

Val

100

ATg

ASP

Gly

Glu

Glu
180

Thr

Gly

Glu

260

Phe

Agn

Glu

Gln

Leu

340

Leu

Ala

Gln

Agn

Pro

85

Ser

Ser

Phe

Vval

Ala

165

AsSp

His

Asn

AsSp

Lys

245

Pro

Gly

Gln

Gly

Glu

325

Pro

Gly

Gly

Met

Lys
405

Met

Tle

Phe

Gln

Leu

150

Gly

Gln

Leu

Phe
230

Glu

Val

Ser

ITle

ATrg

310

Gln

ASP

Vval

Leu

Glu

390

Leu

45

Val

Asp

Thr

Arg

135

Gly

Thr

Leu

Thr

215

Gly

His

Leu

Hig

Ala

295

Gly

Gly

Leu

Arg

Glu

375

Ala

Gly

Glu

His

Val

120

Pro

Arg

Ser

Met

Lys

200

Thr

Thr

Val

Val

ATrg

280

Thr

Tle

ATy
Asn
3260

Gly

His

His

Arg

105

Gln

Gly

Ala

Pro

Ala

185

Met

Leu

Phe

Ala

Arg

265

Glu

Gly

ASP

Agn

345

Met

Glu

Leu

AgSh

50

Glu

2la

His

Gly

Gly

170

Tle

Val

Phe

250

Val

ASp

Gly

Leu

Thr
330

Gly

His

Leu
410

Thr

Thr

Leu

Tle

His

155

Ala

Val

Thr

Glu

Val

235

Val

His

ATYg
Tle
315

Val

Gly

Leu

Leu

AgSn

395

His

-continued

Asp Ser His His

Lys

Leu

Phe

140

Thr

Gly

Pro

Tle

ATYJ

220

Met

Ser

Gly

Gly

300

AsSn

Glu

ITle

Leu

Ser

380

Phe

Thr

Asp

125

Pro

Glu

Val

Glu

Lys

205

Glu

Gly

Gly

Glu

Pro

285

Val

Ala

Gly

Thr

365

Ile

Gly

110

Ser

Leu

Ala

Ile

Leu

120

ASP

Val

ASP

Cys

270

Gln

Leu

Leu

Agn

Ala

350

Agn

Ser

55

Tle

Tle

2la

Cys

175

Tle

Leu

ASP

Thr

Val

255

Leu

Leu

Leu

Glu

335

Gln

Agn

Glu

Leu

US 7,989,189 B2

Thr

Ser

Ser

2la

Val

160

Glu

Glu

Tle

Ile

Agn

240

Pro

Thr

His

Ala

320

b2la

Ile

Pro

ATrg

Gln
400

<210>
<211>
<«212>
<213>

SEQ 1
LENGT
TYPE :

<400>

atgagaggat

gaagcactgg

gaaaatgaag

atggcgacac

cttgatcttc

D NO 13
H: 1239
DNA

SEQUENCE: 13

ctcaccatca

acgctttaaa

gagactttgt

atgggagadg

accctatggt

ccatcaccat

aaaaggcgaa

ggctcttgcec

actgatctgc

tgagcataat

ORGANISM: Bacillus subtilis

gggatcgatc

gtcatcatcyg

gagcatgcaa

acgccgctca

acagactctc

atatgtttca

ttgtagatga

cgccggaagt

gtgaggaaat

accacactgc

tccgatagaa

tgaagacaga

cattaacttt

cgcagacagyg

atttaccgta

60

120

180

240

300

46



agcatagacc

caagcattgc

ccactgatty

gatcttgctg

gacggaacga

atgatcacca

gaagttgaca

gaggtagatg

ccggtattgy

tgtgattgcy

gtgctcecctgt

tataagcttc

ccggatcettce

ataaagcttt

atttcagaaa

accaaaatga

atcgtgaaac
tggacagcaa
cgaaaaaagg
aagcttgtgg
tggcgagagt
ttaaggattt
ttacgctgcc
gaaaagagca
tccgggtgcea
gaccgcagct
acttgcgcca
aggaacaagg
gcaactatgyg
tgacgaataa
gagtgccgct

acaagctagyg

<210> SEQ ID NO 14

<211> LENGTH:

412

47

gaagacaggt
atccgtgceca
aggtgtcctyg
atctccagga
gcctgagctce
gattcaatgc
tactgatttt
tgtcgecattt
ttcagaatgt
gcacgccacy
agaaggacga
ctatgacacc
catcggagca
tccgcgaaaa
tcaaatggag

Ccatttactt

atcagcgcetce

tctgatttte

aaaagagcgyg

gccggcegtcea

attgaaattyg

cgttacaatc

gggacattta

gtgatgggag

ctcacaggty

ctgaaccaaa

ggcatcggtt

gtagaagcca

caaattttac

atcgcaggcec

gcgaaagaac

catttctaa

US 7,989,189 B2

-continued

aagaaagatc

agcgtccecggyg

gccatacaga

tttgtgaaat

cgaaaaagca

tgacaacact

aggtttatgg

atgtgccgtt

acgtgtttgg

ttgccacaga

taatcaataa

atgaggcgct

gcgacctocgy

ttgaaggcta

acaataaaaa

ttttaccgtt

gcacattttt

agctgetgtt

tatgaatgaa

Ccaattaaaa

tgtcgagcecgt

atacacaaat

cggagaagaa

ctctcatcgc

aggccgtgga

attaaaagct

tggattcttyg

tgtccggaat

cggactcagt

atatttgcaa

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

12395

<212> TYPE:

<213>

PRT

ORGANISM:

<400> SEQUENCE:

Met Arg Gly Ser

1

Hig

ITle

Leu

Gly

65

Leu

Ala

Ala

Val

Lys

145

ASpP

ITle

Tle

Pro

Val

2la

50

Arg

ASpP

Phe

Gln

Pro

130

Leu

Met

2la

Tle

Val

35

Glu

Gly

Leu

Thr

Glu

115

Ser

Gly

Ala

Agn

Lys
195

Glu

20

ASP

His

Leu

Hig

Val

100

ATg

ASP

Gly

Glu

Glu
180

Bacillus subtilis

14
His

5

Glu

Asp

2la

Tle

Pro

85

Ser

Ser

Phe

Vval

2la

165

Asp

His

His

Ala

Glu

Thr

Cys

70

Met

Tle

Phe

Gln

Leu

150

Gly

Gln

Hisg

Leu

Asp

Pro

55

Thr

Val

Asp

Thr

Arg

135

Gly

Thr

Leu

His

ASP

ATy

40

Glu

Pro

Glu

His

Val

120

Pro

Arg

Ser

Met

Lys
200

His

Ala

25

Glu

Val

Leu

Hig

Arg

105

Gln

Gly

Ala

Pro

Ala

185

Met

His

10

Leu

Agn

Tle

Ser

Agn

S0

Glu

2la

Hisg

Gly

Gly

170

Arg

Tle

Gly

Glu

Asnh

Glu

75

Thr

Thr

Leu

Ile

His

155

Ala

Val

Thr

Tle

Gly
Phe
60

Glu

ASP

Leu

Phe

140

Thr

Gly

Pro

Tle

Asp

Gly

Asp

45

Met

Tle

Ser

Thr

Asp

125

Pro

Glu

Val

Glu

Lys
205

His

Glu

30

Phe

Ala

Ala

Hig

Gly

110

Ser

Leu

Ala

Tle

Leu

190

ASP

Met
15

Val

Val

Thr

ASpP

Hig

S5

Tle

Ile

2la

Cys

175

Ile

Leu

Phe

Tle

Ala

His

ATrg

80

Thr

Ser

Ser

Ala

Val

160

Glu

Glu

Tle

48



Gln

Thr

225

Glu

Phe

Gly

Ala

Leu
3205

Leu

Leu

ATrg

Val

385

Thr

Cys
210

Leu

Val

Gly

ASp

Thr

290

Arg

Gly

ATrg

Lys

370

Pro

ATrg

Pro

ASP

Glu

Val

275

Leu

Gln

Leu

Phe

ASP

355

Ile

Leu

Met

Thr

Gly

Glu

260

Phe

Agn

Glu

Gln

Leu

340

Leu

Ala

Gln

Agn

Agh

Asp

Lys

245

Pro

Gly

Gln

Gly

Glu

325

Pro

Gly

Gly

Met

Lys
405

<210> SEQ ID NO 15

<211> LENGTH:

1239

Leu

Phe
230

Glu

Val

Ser

ITle

ATrg

310

Gln

ASP

Val

Leu

Glu

390

Leu

49

Thr

215

Gly

His

Leu

Hisg

Ala

295

Gly

Gly

Leu

Arg

Glu

375

Ala

Gly

Thr

Thr

Val

Val

Arg

280

Thr

Tle

ATy

Agn
360

Gly

His

Leu

Phe

Ala

ATy

265

Glu

Gly

ASP

Agn
345

Tle

Glu

Leu

Val

Phe

250

Val

ASp

Gly

Leu

Thr
330

Gly

His

Leu
410

Glu
Val
235

Val

Hig

AYg

Ile

315

Val

Gly

Leu

Leu

AgSn

395

His

-continued

ATYg

220

Tvyr

Met

Serx

Gly

Gly

300

Agnh

Glu

ITle

Leu

Ser

380

Phe

Glu Val Asp

Gly

Gly

Glu

Pro

285

Val

Ala

Gly

Thr

365

Ile

Tyr

ASP

Cys

270

Gln

Leu

Leu

Agn

Ala

350

Agn

Ser

Thr

Val

255

Leu

Leu

Leu

Glu

335

Gln

Agn

Glu

Leu

US 7,989,189 B2

Tle

Agn

240

Pro

Thr

His

Ala

320

b2la

Ile

Pro

ATrg

Gln
400

<212> TYPR:
<213> ORGANISM: Bacillug subtilis

DNA

<400> SEQUENCE: 15

atgagaggat

gaagcactgg

gaaaatgaag

atggcgacac

cttgatecttce

agcatagacc

caagcattgc

ccactgatty

gatcttgctg

gacggaacga

atgatcacca

gaagttgaca

gaggtagatg

ccggtattgy

tgtgattgcyg

gtgctcctgt

tataagcttc

ctcaccatca

acgctttaaa

gagactttgt

atgggagadg

accctatggt

atcgtgaaac

tggacagcaa

cgaaaaaagyg

aagcttgtgy

tggcgagagt

ttaaggattt

ttacgctgcec

gaaaagagca

tccgggtygcea

gaccgcagct

acttgcgcca

aggaacaagg

ccatcaccat

aaaaggcgaa

ggctcttgcec

actgatctgc

tgagcataat

gaagacaggt

atccgtygceca

aggtgtccty

atctccagga

gcctgagcetce

gattcaatgc

tactgatttt

tgtcgcattt

ttcagaatgt

gcacgccacyg

agaaggacga

ctatgacacc

gggatcgatc

gtcatcatcyg

gagcatgcaa

acgccgctca

acagactctc

atcagcgctc

tctgatttte

aaaagagcgyg

gccggcegtca

attgaaattyg

cgttacaatc

gggacattta

gtgatgggag

ctcacaggtyg

ctgaaccgaa

ggcatcggtt

gtagaagcca

atatgtttca

ttgtagatga

cgccggaagt

gtgaggaaat

accacactgc

aagaaagatc

agcgtccecggyg

gccatacaga

tttgtgaaat

cgaaaaagca

tgacaacact

aggtttatgg

atgtgccgtt

acgtgtttgg

ttgccacaga

taatcaataa

atgaggcgct

tccgatagaa

tgaagacaga

cattaacttt

cgcagacagyg

atttaccgta

ttttacegtt

gcacattttt

agctgetgtt

tatgaatgaa

Ccaattaaaa

tgtcgagcecgt

atacacaaat

cggagaagaa

ctctcatcgc

aggccgtgga

attaaaagct

tggattcttg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

50



US 7,989,189 B2
51

-continued

ccggatctte gcaactatgg catcggagca caaattttac gcgacctcecgg tgtccggaat 1080

ataaagcttt tgacgaataa tccgcgaaaa atcgcaggcece ttgaaggcta cggactcagt 1140

atttcagaaa tcaaatggag gcgaaagaac acaataaaaa atatttgcaa 1200

gagtgccgct

accaaaatga acaagctagg tcatttactt catttctaa 1239

<210>
<211>
<«212>
<213>

SEQ ID NO 16

LENGTH: 412

TYPE: PRT

ORGANISM: Bacillus subtilis

<400>

SEQUENCE :

Met Arg Gly Ser

1

Hig

Tle

Leu

Gly

65

Leu

Ala

Ala

Val

Lys

145

ASP

Tle

Tle

Gln

Thr

225

Glu

Phe

Gly

Ala

Leu
305

Pro

Val

2la

50

Arg

ASpP

Phe

Gln

Pro
130

Leu

Met

2la

Cys

210

Leu

Val

Gly

ASp

Thr

290

ATy

Ile

Val

35

Glu

Gly

Leu

Thr

Glu

115

Ser

Gly

Ala

Agn

Lys

195

ATg

Pro

ASP

Glu

Val

275

Leu

Gln

Leu

Glu

20

ASP

His

Leu

His

Val

100

ATJg

ASDP

Gly

Glu

Glu
180

Thr

Gly

Glu

260

Phe

Agn

Glu

Gln

16
His

5

Glu

AsSp

Ala

Ile

Pro

85

Ser

Ser

Phe

Val

Ala

165

Asp

His

Asn

Asp

Lys

245

Pro

Gly

Arg

Gly

Glu
325

His

Ala

Glu

Thr

Cvys

70

Met

Tle

Phe

Gln

Leu

150

Gly

Gln

Leu

Phe

230

Glu

Val

Ser

Tle

ATg

310

Gln

His

Leu

Asp

Pro

55

Thr

Val

AsSp

Thr

Arg
135

Gly

Thr

Leu

Thr

215

Gly

Hisg

Leu

Hisg

Ala

295

Gly

Gly

His

ASP

ATy

40

Glu

Pro

Glu

His

Val

120

Pro

ATrg

Ser

Met

Lys

200

Thr

Thr

Val

Val

Arg

280

Thr

Ile

His

Ala

25

Glu

Val

Leu

His

ATrg

105

Gln

Gly

Ala

Pro

Ala

185

Met

Leu

Phe

Ala

ATg

265

Glu

Gly

ASDP

His

10

Leu

Agh

Tle

Ser

AgSh

50

Glu

ala

His

Gly

Gly

170

Tle

Val

Phe
250

Val

ASp

Gly

Leu

Thr
330

Gly

Glu

Agnh

Glu

75

Thr

Thr

Leu

Tle

His

155

Ala

Val

Thr

Glu

Val

235

Val

His

ATrg

Ile
315

Val

Tle

Lys

Gly

Phe
60

Glu

ASDP

Leu

Phe
140

Thr

Gly

Pro

Tle

ATYJ

220

Met

Ser

Gly

Gly

300

AsSn

Glu

Asp

Gly

Asp

45

Met

Ile

Ser

Thr

Asp

125

Pro

Glu

Val

Glu

Lys

205

Glu

Gly

Gly

Glu

Pro

285

Val

Ala

His

Glu

30

Phe

Ala

Ala

His

Gly

110

Ser

Leu

Ala

Ile

Leu

120

ASP

Val

ASP

Cys

270

Gln

Leu

Leu

Agn

Met

15

Val

Val

Thr

ASP

His

55

Tle

Tle

2la

Cys

175

Tle

Leu

ASP

Thr

Val

255

Leu

Leu

Leu

Glu
335

Phe

Ile

2la

His

ATrg

80

Thr

Ser

Ser

Ala

Val

160

Glu

Glu

Tle

Ile

Agn

240

Pro

Thr

His

Ala
320

Ala



Leu

Leu

ATg

Val

385

Thr

Gly

Arg

Lys

370

Pro

Phe

ASP

355

Tle

Leu

Met

Leu

340

Leu

Ala

Gln

Agn

Pro

Gly

Gly

Met

Lys

ASpP

Vval

Leu

Glu
3290

Leu

53

Leu
Arg
Glu
375

Ala

Gly

ATrg
Asn
360

Gly

His

AgSh
345

Tle

Glu

Leu

Gly

His

Leu

Gly

Leu

Leu

Agn

395

His

-continued

Tle

Leu

Ser
280

Phe

Gly Ala

Thr
365

Tle

350

Agn

Ser

Tyzr

Gln

Agn

Glu

Leu

US 7,989,189 B2

Tle

Pro

Gln
400

<210>
<211>
<«212>
<213>

<400>

atgagaggat

gaagcactgg

gaaaatgaag

atggcgacac

cttgatecttce

agcatagacc

caagcattgc

ccactgatty

gatcttgctg

gacggaacga

atgatcacca

gaagttgaca

gaggtagatg

ccggtattgy

tgtgattgcyg

gtgctcctgt

tataggcttc

ccggatcettc

ataaagcttt

atttcagaaa

accaaaatga

SEQUENCE :

405

SEQ ID NO 17
LENGTH:
TYPE :
ORGANISM: Bacillus subtilis

1239
DNA

17

ctcaccatca

acgctttaaa

gagactttgt

atgggagagg
accctatggt
atcgtgaaac
tggacagcaa
cgaaaaaagqg
aagcttgtgg

tggcgagagt

ttaaggattt

ttacgctygcec

gaaaagagca

tccgggtygcea

gaccgcagct

acttgcgcca

aggaacaagg

gcaactatgg

tgacgaataa

gagtgccgct

acaagctagyg

<210> SEQ ID NO 18

<211l> LENGTH:
<212> TYPRE:
<213> ORGANISM: Bacillug subtilis

<400> SEQUENCE:

412
PRT

18

ccatcaccat

aaaaggcgaa

ggctcttgece

actgatctgc

tgagcataat

gaagacaggt

atccgtygceca

aggtgtccty

atctccagga

gcctgagcetce

gattcaatgc

tactgatttt

tgtcgcattt

ttcagaatgt

gcacgccact

agaaggacga

ctatgacacc

catcggagca

tccgcgaaaa

tcaaatggag

tccatttactt

410

gggatcgatc

gtcatcatcyg

gagcatgcaa

acgccgctca

acagactctc

atcagcgctc

tctgattttce
aaaagagcgg
gccggcgtcea
attgaaattg

cgttacaatc

gggacattta

gtgatgggag

ctcacaggtyg

ctgaaccgaa

ggcatcggtt

gtagaagcca

caaattttac

atcgcaggcec

gcgaaagaac

catttctaa

atatgtttca

ttgtagatga

cgccggaagt

gtgaggaaat

accacactgc

aagaaagatc

agcgtecggy
gccatacaga
tttgtgaaat

cgaaaaagca

tgacaacact

aggtttatgyg

atgtgccgtt

acgtgtttgg

ttgccacaga

taatcaataa

atgaggcgct

gcgacctcegyg

ttgaaggcta

acaataaaaa

tccgatagaa

tgaagacaga

cattaacttt

cgcagacagyg

atttaccgta

ttttacegtt

gcacattttt

agctgetgtt

tatgaatgaa

Ccaattaaaa

tgtcgagcecgt

atacacaaat

cggagaagaa

ctctcatcgc

aggccgtgga

attaaaagct

tggattectty

tgtccggaat

cggactcagt

atatttgcaa

Met Arg Gly Ser His His His His His His Gly Ile Asp His Met Phe

1

5

10

15

Hig Pro Ile Glu Glu Ala Leu Asp Ala Leu Lys Lys Gly Glu Val Ile

20

25

30

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

12395



Tle

Leu

Gly

65

Leu

Ala

Ala

Val

Lys

145

ASP

ITle

Tle

Gln

Thr

225

Glu

Phe

Gly

Ala

Leu

305

Leu

Leu

ATg

Val

385

Thr

Val

2la

50

Arg

ASp

Phe

Gln

Pro

130

Leu

Met

2la

Cys

210

Leu

Val

Gly

ASpP

Thr

290

Arg

ATy

Gly

Arg

Lys

370

Pro

Val

35

Glu

Gly

Leu

Thr

Glu
115

Ser

Gly

Ala

Agn

Lys

195

Pro

ASP

Glu

Val

275

Leu

Gln

Leu

Phe

ASP

355

Ile

Leu

Met

ASP

His

Leu

His

Val

100

ATJg

ASP

Gly

Glu

Glu
180

Thr

Gly

Glu

260

Phe

Agn

Glu

Gln

Leu

340

Leu

Ala

Gln

Agn

Asp

2la

Tle

Pro

85

Ser

Ser

Phe

Val

Ala
165

AsSp

His

AsSn

Asp

Lys

245

Pro

Gly

Gly

Glu

325

Pro

Gly

Gly

Met

Lys
405

<210> SEQ ID NO 19

<211> LENGTH:
<212> TYPE: DNA

<213> ORGANISM: Bacillug subtilis

1239

Glu

Thr

Cvys

70

Met

Tle

Phe

Gln

Leu

150

Gly

Gln

Leu

Phe

230

Glu

Val

Ser

Tle

ATrg

310

Gln

ASpP

Val

Leu

Glu

390

Leu

3

Asp

Pro
55

Thr

Val

Asp

Thr

Arg
135

Gly

Thr

Leu

Thr

215

Gly

Hisg

Leu

Hig

bAla

295

Gly

Gly

Leu

Arg

Glu

375

bAla

Gly

ATrg

40

Glu

Pro

Glu

His

Val

120

Pro

ATrg

Ser

Met

Lys

200

Thr

Thr

Val

Val

ATy

280

Thr

Tle

Arg
Asn
3260

Gly

His

Glu

Val

Leu

His

Arg

105

Gln

Gly

Ala

Pro

Ala

185

Met

Leu

Phe

Ala

ATrg

265

Glu

Gly

ASP

Agn

345

Tle

Glu

Leu

AgSh

Tle

Ser

Agh

50

Glu

ala

His

Gly

Gly

170

Arg

Tle

Val

Phe

250

Val

ASpP

Gly

Leu

Thr
330

Gly

His

Leu
410

Glu

Asnh

Glu

75

Thr

Thr

Leu

Ile

His

155

Ala

Val

Thr

Glu

Val

235

Val

His

Arg

ITle

315

Val

Gly

Leu

Leu

Asnh

395

His

-continued

Gly

Phe
60

Glu

ASDP

Leu

Phe
140

Thr

Gly

Pro

Tle

ATYg

220

Met

Ser

Gly

Gly

300

AsSn

Glu

Tle

Leu

Ser

380

Phe

Asp Phe Val

45

Met

Tle

Sexr

Thr

Asp

125

Pro

Glu

Val

Glu

Lys

205

Glu

Gly

Gly

Glu

Pro

285

val

Ala

Gly

Thr

365

Ile

Ala

Ala

His

Gly

110

Ser

Leu

Ala

Ile

Leu
190

ASP

Val

ASP

Cys

270

Gln

Leu

Leu

Agn

Ala

350

Agn

Ser

Thr

ASP

His

55

Tle

Tle

2la

Cys

175

Ile

Leu

ASpP

Thr

Val

255

Leu

Leu

Leu

Glu

335

Gln

Agn

Glu

Leu

US 7,989,189 B2

2la

His

80

Thr

Ser

Ser

Ala

Val
160

Glu

Glu

Tle

Tle

Agn

240

Pro

Thr

Hig

b2la

320

Ala

Tle

Pro

ATrg

Gln
400

56



<400> SEQUENCE:

atgagaggat

gaagcactgyg

gaaaatgaag

atggcgacac

cttgatcttc

agcatagacc

caagcattgc

ccactgattyg

gatcttgctyg

gacggaacga

atgatcacca

gaagttgaca

gaggtagatg

ccggtattgy

tgtgattgcy

gtgctcctgt

tataagcttc

ccggatcettc

atgaagcttt

atttcagaaa

accaaaatga

<210>
<211>

19

ctcaccatca

acgctttaaa

gagactttgt

atgggagagyg

accctatggt

atcgtgaaac

tggacagcaa

cgaaaaaagyg

aagcttgtygy

tggcgagagt

ttaaggattt

ttacgctygcec

gaaaagagca

tccgggtygca

caccgcagct

acttgcgcca

aggaacaagg

gcaactatgg

tgacgaataa

gagtgccgcet

acaagctagyg

SEQ ID NO 20
LENGTH:

412

S7

ccatcaccat
aaaaggcgaa
ggctcttgcce
actgatctgc
tgagcataat
gaagacaggt
atccgtgcca
aggtgtccty
atctccagga
gcctgagetce
gattcaatac
tactgatttt
tgtcgcattt
ttcagaatgt
gcacgccgcyg
agaaggacga
ctatgacacc
catcggagca
tccgcgaaaa
tcaaatggag

Ccatttactt

gggatcgatc

gtcatcatcg

gagcatgcaa

acgccgctca

acagactctc

atcagcgctc

tctgattttc

aaaagagcgyg

gccecggcegtca

attgaaattyg

cgttacaatc

gggacatttg

gtgatgggag

ctcacaggtyg

ctgaaccaaa

ggcatcggtt

gtagaagcca

caaattttac

atcgcaggcec

gcgaaagaac

catttctaa

US 7,989,189 B2

-continued

atatgtttca

ttgtagatga

cgccggaagt

gtgaggaaat

accacactgc

aagaaagatc

agcgtccggg

gccatacaga

tttgtgaaat

cgaaaaagca

tgacaacact

aggtttatgyg

atgtgccgtt

acgtgtttgg

ttgccgcaga

taatcaataa

atgaggcgct

gcgacctcegyg

ttgaaggcta

acaataaaaa

tccgatagaa

tgaagacaga

cattaacttt

cgcagacagyg

atttaccgta

ttttaccgtt

gcacattttt

agctgetgtt

tatgaatgaa

Ccaattaaaa

tgtcgagcgt

atacacaaat

cggagaagaa

ctctcatcgc

aggccgtgga

attaaaagct

tggattecttg

tgtccggaat

cggactcagt

atatttgcaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

12395

<«212>
<213>

<400>

TYPE :
ORGANISM:

PRT

SEQUENCE :

Met Arg Gly Ser

1

His

Tle

Leu

Gly

65

Leu

Ala

Ala

Val

Pro

Val

2la

50

ATy

ASp

Phe

Gln

Pro
130

Ile

Val

35

Glu

Gly

Leu

Thr

Glu

115

Ser

Glu

20

ASDP

His

Leu

His

Val

100

ATJg

ASDP

Bacillus subtilis

20

His

5

Glu

Asp

2la

Ile

Pro

85

Ser

Ser

Phe

Hisg

Ala

Glu

Thr

Cys

70

Met

Tle

Phe

Gln

Hisg

Leu

Asp

Pro

55

Thr

Val

AsSp

Thr

Arg
135

His

ASP

Arg

40

Glu

Pro

Glu

His

Val

120

Pro

His

Ala

25

Glu

Val

Leu

His

ATrg

105

Gln

Gly

His

10

Leu

Agn

Tle

Ser

Agn

50

Glu

ala

His

Gly

Glu

Agn

Glu

75

Thr

Thr

Leu

Tle

Tle

Gly
Phe
60

Glu

ASD

Leu

Phe
140

Asp

Gly

Asp

45

Met

Ile

Ser

Thr

Asp

125

Pro

His

Glu

30

Phe

Ala

Ala

His

Gly

110

Ser

Leu

Met

15

Val

Val

Thr

ASP

His

55

Tle

Tle

Phe

Ile

Ala

His

ATrg

80

Thr

Ser

Ser

Ala



Lys

145

ASp

Tle

Tle

Gln

Thr

225

Glu

Phe

Gly

Ala

Leu
305

Leu

Leu

Arg

Val

385

Thr

<210>
<«211>
«212>
<213>

<400>

Lys

Leu

Met

Ala

Tvyr

210

Leu

Val

Gly

ASpP

2la

290

Arg

Gly

Arg

Lys

370

Pro

Gly

Ala

Agn

Lys

195

Arg

Pro

ASP

Glu

Val

275

Leu

Gln

Leu

Phe

ASP

355

Tle

Leu

Met

Gly

Glu

Glu
180

Thr

Gly

Glu

260

Phe

Agn

Glu

Gln

Leu

340

Leu

Ala

Gln

Agn

SEQUENCE :

Val

2la

165

Asp

His

Asn

Asp

Lys

245

Pro

Gly

Gln

Gly

Glu

325

Pro

Gly

Gly

Met

Lys
405

SEQ ID NO 21
LENGTH:
TYPE: DNA

ORGANISM: Bacillus subtilis

1239

21

Leu
150

Gly

Gln

Leu

Phe

230

Glu

Val

Ser

Tle

ATg

310

Gln

ASpP

Val

Leu

Glu

390

Leu

59

Gly

Thr

Leu

Thr

215

Gly

His

Leu

Hig

Ala

295

Gly

Gly

Leu

Arg

Glu

375

Ala

Gly

ATrg

Ser

Met

Lys

200

Thr

Thr

Val

Val

ATy

280

2la

Ile

ATrg
Asn
360

Gly

Hig

Ala

Pro

Ala

185

Met

Leu

Phe

Ala

ATrg

265

Glu

Gly

ASP

ASn

345

Met

Glu

Leu

Gly

Gly

170

Tle

Val

Glu

Phe

250

Val

ASpP

Gly

Leu

Thr
330

Gly

His

Leu
4710

His

155

Ala

Val

Thr

Glu

Val

235

Val

His

ATrg

Ile

315

Val

Gly

Leu

Leu

Agn

395

His

-continued

Thr Glu Ala Ala

Gly

Pro

Tle

ATYg

220

Met

Ser

Ala

Gly

300

Asn

Glu

Tle

Leu

Ser

380

Phe

val

Glu

Lys

205

Glu

Gly

Gly

Glu

Pro

285

Vval

Ala

Gly

Thr

365

Tle

Tle
Leu
190

ASP

Val

ASP

Cys

270

Gln

Leu

Leu

AgSh

Ala

350

Agn

Ser

Cys

175

Tle

Leu

ASpP

Thr

Val

255

Leu

Leu

Leu

Glu

335

Gln

Agn

Glu

Leu

US 7,989,189 B2

Val

160

Glu

Glu

Tle

Tle

Agn

240

Pro

Thr

His

2la

320

Ala

Tle

Pro

Arg

Gln
400

atgagaggat

gaagcactygyg

gaaaatgaag

atggcgacac

cttgatcttc

agcatagacc

caagcattgc

ccactgattyg

gatcttgctyg

gacggaacga

atgatcacca

ctcaccatca

acgctttaaa

gagactttgt

atgggagagyg

accctatggt

atcgtgaaac

tggacagcaa

cgaaaaaagg

aagcttgtgy

tggcgagagt

ttaaggattt

ccatcaccat

aaaaggcgaa

ggctcttgcce

actgatctgc

tgagcataat

gaagacaggt

atccgtgcca

aggtgtcctyg

atctccagga

gcctgagcetce

gattcaatgc

gggatcgatc

gtcatcatcg

gagcatgcaa

acgccgctca

acagactctc

atcagcgctc

tctgatttte

aaaagagcgyg

gccggcegtca

attgaaattyg

cgttacaatc

atatgtttca

ttgtagatga

cgccggaagt

gtgaggaaat

accacactgc

aagaaagatc

agcgtccggg

gccatacaga

tttgtgaaat

cgaaaaagca

tgacaacact

tccgatagaa

tgaagacaga

cattaacttt

cgcagacagyg

atttaccgta

ttttaccgtt

gcacattttt

agctgetgtt

tatgaatgaa

Ccaattaaaa

tgtcgagcecgt

60

120

180

240

300

360

420

480

540

600

660

60



gaagttgaca

gaggtagatg

ccggtattygy

tgtgattgcy

gtgctcctgt

tataggcttc

ccggatcettc

ataaagcttt

atttcagaaa

accaaaatga

<210>
<211>

ttacgctgcce

gaaaagagca

tcegggtygca

gaccgcagct

acttgcgcca

aggaacaagg

gcaactatgg

tgacgaataa

gagtgccgct

acaagctagyg

SEQ ID NO 22
LENGTH :

412

61

tactgatttt
tgtcgcattt
ttcagaatgt
gcacgccacy
agaaggacga
ctatgacacc
catcggagca
tccgcgaaaa
tcaaatggag

Ccatttactt

gggacattta

gtgatggdgag

ctcacaggty

ctgaaccgaa

ggcatcggtt

gtagaagcca

caaattttac

atcgcaggcc

gcgaaagaac

catttctaa

US 7,989,189 B2

-continued

aggtttatgyg

atgtgccgtt

acgtgtttygy

ttgccacaga

taatcaataa

atgaggcgct

gcgacctcegyg

ttgaaggcta

acaataaaaa

atacacaaat

cggagaagaa
ctctecatcge
aggccgtgga
attaaaagct
tggatacttyg
tgtccggaat
cggactcagt

atatttgcaa

720

780

840

500

560

1020

1080

1140

1200

12395

<212 >
<213>

<400>

TYPE :
ORGANISM:

PRT

SEQUENCE :

Met Arg Gly Ser

1

His

Tle

Leu

Gly
65

Leu

Ala

Ala

Val

Lys

145

ASp

Tle

ITle

Gln

Thr

225

Glu

Phe

Pro

Val

ala
50

Arg

ASpP

Phe

Gln

Pro

130

Leu

Met

ala

Cys

210

Leu

Val

Gly

Tle

Val
35

Glu

Gly

Leu

Thr

Glu

115

Ser

Gly

Ala

Agn

Lys

195

Arg

Pro

ASP

Glu

Glu
20

ASP

Hig

Leu

His

Val

100

ATrg

ASP

Gly

Glu

Glu
180

Thr

Gly

Glu
260

Bacillus subtilis

22
His

5

Glu

AsSp

Ala

Tle

Pro

85

Ser

Ser

Phe

Val

2la

165

AsSp

Hig

Asn

AsSp

Lys

245

Pro

His

Ala

Glu

Thr

Cys

70

Met

ITle

Phe

Gln

Leu

150

Gly

Gln

Leu

Phe

230

Glu

Vval

His

Leu

AsSp

Pro
55

Thr

Val

Asp

Thr

Arg

135

Gly

Thr

Leu

Thr

215

Gly

Hig

Leu

His

ASP

ATrg

40

Glu

Pro

Glu

Hig

Val

120

Pro

ATy

Ser

Met

Lys

200

Thr

Thr

Val

Val

His

Ala
25

Glu

Val

Leu

His

ATg

105

Gln

Gly

Ala

Pro

Ala

185

Met

Leu

Phe

Ala

Arg
265

His

10

Leu

Agn

Ile

Ser

Agn

90

Glu

2la

His

Gly

Gly

170

Ile

Val

Phe
250

Val

Gly

Glu

Agnh

Glu
75

Thr

Thr

Leu

ITle

His

155

Ala

Val

Thr

Glu

Val

235

Val

His

Ile

Gly

Phe
60

Glu

ASpP

Leu

Phe

140

Thr

Gly

Pro

ITle

ATYg

220

Met

Ser

Asp

Gly

Asp

45

Met

Tle

Ser

Thr

Asp

125

Pro

Glu

val

Glu

Lys

205

Glu

Gly

Gly

Glu

His

Glu

30

Phe

Ala

Ala

His

Gly

110

Ser

Leu

Ala

Tle

Leu

120

ASP

Val

ASP

Cys
270

Met

15

Val

Val

Thr

ASpP

His

o5

Ile

Tle

ala

Cys

175

Tle

Leu

ASpP

Thr

Val

255

Leu

Phe

ITle

b2la

Hig

Arg

80

Thr

Ser

Ser

b2la

Val

160

Glu

Glu

Ile

Tle

Agn

240

Pro

Thr

62



Gly

Ala

Leu
305

Leu

Leu

ATrg

Val

385

Thr

ASpP
Thr
220

Arg

Arg

Gly

Arg

Lys

370

Pro

Val
275
Leu

Gln

Leu

ASP
355

Tle

Leu

Met

Phe

Agn

Glu

Gln

Leu

340

Leu

Ala

Gln

Agn

Gly

Gly

Glu

325

Pro

Gly

Gly

Met

Lys

Ser

Tle

ATg

310

Gln

ASpP

Val

Leu

Glu

390

Leu

63
His
Ala
295

Gly

Gly
Leu
Arg
Glu
375

bAla

Gly

ATrg
280
Thr

Tle

Arg
Asn
360

Gly

His

Glu

Gly

ASP
Asn
345

Ile

Glu

Leu

ASpP

Gly

Leu

Thr
330

Gly

His

Leu

Arg

ITle
315

Val

Gly

Leu

Leu

Asnh

395

His

-continued

Gly
Gly
300

AsSn

Glu

Tle

Leu

Ser

380

Phe

Pro Gln Leu

285

val

Lys

Ala

Gly

Thr
365

ITle

Leu

Leu

AgSh

Ala
350

Agn

Ser

Leu

Glu

335

Gln

Agn

Glu

Leu

US 7,989,189 B2

His

Ala
320

2la

Tle

Pro

Arg

Gln
400

<210>
<21l>
<212>
<213>
<400>
atgagaggat
gaagcactgg
gaaaatgaag
atggcgacac
cttgatcttce
agcatagacc
caagcattgc
ccactgattg
gatcttgcty
gacggaacga
atgatcacca
gaagttgaca
gaggtagatg
ccggtattygg
tgtgattgca
gtgctcctgt
tataagcttc
ccggatcttce
atgaagcttt

atttcagaaa

accaaaatga

405

SEQ ID NO 23
LENGTH :
TYPE :
ORGANISM: Bacillus subtilis

1239
DNA

SEQUENCE: 23

ctcaccatca

acgctttaaa

gagactttgt

atgggagagyg

accctatggt

atcgtgaaac

tggacagcaa

cgaaaaaagg

aagcttgtgy

tggcgagagrt

ttaaggattt

ttacgctgcec

gaaaagagca

tcegggtygcea

gaccgcagct

acttgcgcca

aggaacaagg

gcaactatgg

tgacgaataa

gagtgccgcet

acaagctagyg

ccatcaccat

aaaaggcgaa

ggctcttgece

actgatctgc

tgagcataat

gaagacaggt

atccgtgcca

aggtgtcctyg

atctccagga

gcctgagetce

gattcaatac

tactgatttt

tgtcgeattt

ttcagaatgt

gcacgcacgcyg

agaaggacga

ctatgacacc

catcggagca

tccgcecgaaaa

tcaaatggag

Ccatttactt

410

gggatcgatc

gtcatcatcyg

gagcatgcaa

acgccgctca

acagactctce

atcagcgctc

tctgattttc

aaaagagcgyg

gccggcegtca

attgaaattyg

cgttacaatc

gggacattta

gtgatgggag

ctcacaggty

ctgaaccaaa

ggcatcggtt

gtagaagcca

caaattttac

atcgcaggcec

gcgaaagaac

catttctaa

atatgtttca

ttgtagatga

cgccggaagt

gtgaggaaat

accacactgc

aagaaagatc

agcgtccggg

gccatacaga

tttgtgaaat

cgaaaaagca

tgacaacact

aggtttatgg

atgtgccgtt

acgtgtttygy

ttgccgcaga

taatcaataa

atgaggcgct

gcgacctcgyg

ttgaaggcta

acaataaaaa

tccgatagaa

tgaagacaga

cattaacttt

cgcagacagyg

atttaccgta

ttttacegtt

gcacattttt

agctgetgtt

tatgaatgaa

CCcaattaaaa

tgtcgagcgt

atacacaaat

cggagaagaa

ctctcatcecgc

aggccgtgga

attaaaagct

tggattecttg

tgtccggaat

cggactcagt

atatttgcaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

560

1020

1080

1140

1200

12395

64



<210>
<«211>
<212>
<213>

<400>

PRT

SEQUENCE :

Met Arg Gly Ser

1

Hig

ITle

Leu

Gly

65

Leu

Ala

Ala

Val

Lys

145

ASP

Tle

Tle

Gln

Thr

225

Glu

Phe

Gly

Ala

Leu

305

Leu

Leu

Arg

Pro

Val

Ala

50

Arg

ASp

Phe

Gln

Pro

130

Leu

Met

2la

Tvyr

210

Leu

Val

Gly

ASp

2la

290

ATy

Gly

ATy

Lys
370

Tle

Val

35

Glu

Gly

Leu

Thr

Glu

115

Ser

Gly

Ala

Agn

Lys

195

ATg

Pro

ASP

Glu

Val

275

Leu

Gln

Leu

Phe

ASP

355

Tle

Glu

20

ASP

His

Leu

His

Val

100

ATg

ASP

Gly

Glu

Glu
180

Thr

Gly

Glu

260

Phe

Agn

Glu

Gln

Leu

340

Leu

Ala

SEQ ID NO 24
LENGTH:
TYPE :
ORGANISM: Bacillus subtilis

412

24

His

5

Glu

Asp

Ala

Ile

Pro

85

Ser

Ser

Phe

Val

Ala

165

Asp

His

Asn

Asp

Lys

245

Pro

Gly

Gln

Gly

Glu

325

Pro

Gly

Gly

His

Ala

Glu

Thr

Cvys

70

Met

Tle

Phe

Gln

Leu

150

Gly

Gln

Leu

Phe

230

Glu

Val

Ser

Tle

ATg

310

Gln

ASpP

Val

Leu

65

His

Leu

Asp

Pro

55

Thr

Val

AsSp

Thr

Arg

135

Gly

Thr

Leu

Thr

215

Gly

Hisg

Leu

Hisg

Ala

295

Gly

Gly

Leu

Arg

Glu
375

His

ASP

ATy

40

Glu

Pro

Glu

His

Val

120

Pro

ATrg

Ser

Met

Lys

200

Thr

Thr

Val

Val

Arg

280

Ala

Ile

ATrg

Agn
360

Gly

His

Ala

25

Glu

Val

Leu

His

ATrg

105

Gln

Gly

Ala

Pro

Ala

185

Met

Leu

Phe

Ala

ATg

265

Glu

Gly

ASDP

Agn

345

Met

His

10

Leu

Agn

Tle

Ser

Agh

50

Glu

2la

His

Gly

Gly

170

Arg

Tle

Val

Phe

250

Val

ASp

Gly

Leu

Thr
330

Gly

Gly

Glu

AgSn

Glu

75

Thr

Thr

Leu

Ile

His

155

Ala

Val

Thr

Glu

Val

235

Val

His

ATrg

Ile

315

Val

Gly

Leu

Leu

-continued

Tle

Gly

Phe
60

Glu

ASDP

Leu

Phe
140

Thr

Gly

Pro

Tle

ATYJ

220

Met

Ser

ATYg

Gly

300

AsSn

Glu

Tle

Leu

Ser
380

Asp

Gly

Asp

45

Met

Ile

Sexr

Thr

Asp

125

Pro

Glu

Val

Glu

Lys

205

Glu

Gly

Gly

Glu

Pro

285

Val

Ala

Gly

Thr

365

Tle

His

Glu

30

Phe

Ala

Ala

His

Gly

110

Ser

Leu

Ala

Ile

Leu

120

ASP

Val

ASP

Cys

270

Gln

Leu

Leu

Agn

Ala

350

Agn

Ser

Met

15

Val

Val

Thr

ASP

His

55

Tle

Tle

2la

Cys
175

Tle

Leu

ASP

Thr

Val

255

Leu

Leu

Leu

Glu
335

Gln

Agn

Glu

US 7,989,189 B2

Phe

Tle

Ala

His

80

Thr

Ser

Ser

2la

Val

160

Glu

Glu

Tle

Ile

Agn

240

Pro

Thr

His

Ala

320

Ala

Tle

Pro



67

US 7,989,189 B2

-continued

Val Pro Leu Gln Met Glu Ala Lys Glu His Asn Lys Lys Tyr Leu Gln
390

385

395

Thr Lys Met Asn Lys Leu Gly His Leu Leu His Phe

<210>
<211l>
<212>
<213>
<400>
atgagaggat
gaagcactgg

gaaaatgaag

atggcgacac

cttgatcttce

agcatagacc

caagcattgc

ccactgattyg

gatcttgctg

gacggaacga

atgatcacca

gaagttgaca

gaggtagatg

ccggtattgy

tgtgattgcyg

gtgctcctgt

tataagcttc

ccggatcettc

atgaagcttt

atttcagaaa

accaaaatga

SEQUENCE :

405

SEQ ID NO 25
LENGTH:
TYPE :
ORGANISM: Bacillus subtilis

1239
DNA

25

ctcaccatca

acgctttaaa

gagactttgt

atgggagadg

accctatggt

atcgtgaaac

tggacagcaa

cgaaaaaagyg

aagcttgtgy

tggcgagagt

ttaaggattt

ttacgctgcec

gaaaagagca

tccgggtygcea

gaccgcagct

acttgcgcca

aggaacaagg

gcaactatgg

tgacgaataa

gagtgccgct

acaagctagyg

<210> SEQ ID NO 26

<211> LENGTH:
«212> TYPERE:
<213> ORGANISM:
<400> SEQUENCE:

Met Arg Gly Ser

1

Hig Pro Ile

Tle Val Val

35

Leu Ala Glu

50

Gly Arg Gly

65

412

PRT

26

Hig
5

Glu Glu

20

ASpP Asp

Ala

Hig

Leu Ile

Hig

Ala

Glu

Thr

Cys
70

ccatcaccat

aaaaggcgaa

ggctcttgcece

actgatctgc

tgagcataat

gaagacaggt

atccgtygceca

aggtgtcctyg

atctccagga

gcctgagcetce

gattcaatgc

tactgatttt

tgtcgcattt

ttcagaatgt

gcacgccacyg

agaaggacga

ctatgacacc

catcggagca

tccgcgaaaa

tcaaatggag

tccatttactt

Bacillus subtilis

Hig His

Leu Asp

Asp Arg

40
Pro Glu
55

Thr Pro

Hig

Ala

25

Glu

Val

Leu

410

gggatcgatc

gtcatcatcyg

gagcatgcaa

acgccgctca

acagactctc

atcagcgctc

tctgatttte

aaaagagcgyg

gccggcegtca

attgaaattyg

cgttacaatc

gggacattta

gtgatgggag

ctcacaggtyg

ctgaaccaaa

ggcatcggtt

gtagaagcca

caaattttac

atcgcaggcec

gcgaaagaac

catttctaa

Hisg
10

Gly

Leu

2an Glu

Ile Asn

Glu
75

Ser

atatgtttca
ttgtagatga
cgccggaagt
gtgaggaaat
accacactygc
aagaaagatc
agcgtcecggyg
gccatacaga
tttgtgaaat
cgaaaaagca
tgacaacact
aggtttatgyg
atgtgccgtt
acgcgtttgyg
ttgccgcaga
taatcaataa
atgaggcgcet
gcgacctcgg
ttgaaggcta

acaataaaaa

Ile Asp

Lys Gly

30
Gly Asp
45

Phe
60

Met

Glu Ile

Hig Met

Glu

Phe

Ala

Ala

400

tccgatagaa
tgaagacaga
cattaacttt
cgcagacagyg
atttaccgta
ttttaccgtt
gcacattttt
agctgcetgtt
tatgaatgaa
tcaattaaaa
tgtcgagcecgt
atacacaaat
cggagaagaa
ctctcatcge
aggccegtgga

attaaaagct

tggattectty

tgtccggaat

cggactcagt

atatttgcaa

Phe
15

Val Ile

Val Ala
Hig

Thr

ASpP
80

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

12395



Leu

Ala

Ala

Val

Lys

145

ASpP

Tle

Tle

Gln

Thr

225

Glu

Phe

Gly

Ala

Leu

305

Leu

Leu

ATrg

Val

385

Thr

<210>
<211>
<212 >
<213>
«220>
<223 >

<400>

atgagaggat ctcaccatca ccatcaccat gggatcgatc atatgtttca tccgatagaa

9

ASpP

Phe

Gln

Pro

130

Lys

Leu

Met

2la

Cys

210

Leu

Val

Gly

ASp

Thr

290

Arg

Gly

Arg

Lys

370

Pro

Leu

Thr

Glu
115

Ser

Gly

Ala

AgSh

Lys

195

Pro

ASP

Glu

Ala

275

Leu

Gln

Leu

Phe

ASP

355

Tle

Leu

Met

His

Val
100

ATg

ASP

Gly

Glu

Glu
180

Thr

Gly

Glu

260

Phe

Agn

Glu

Gln

Leu

340

Leu

Ala

Gln

Agn

SEQUENCE :

61

Pro
85

Ser

Ser

Phe

Vval

Ala

165

AsSp

His

Asn

AsSp

Lys

245

Pro

Gly

Gln

Gly

Glu

325

Pro

Gly

Gly

Met

Lys
405

SEQ ID NO 27
LENGTH:
TYPE: DNA

ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: Primer RibA 1S

277

Met

Tle

Phe

Gln

Leu

150

Gly

Gln

Leu

Phe

230

Glu

Val

Ser

Tle

ATg

310

Gln

ASpP

Val

Leu

Glu

390

Leu

69

Val

Asp

Thr

Arg

135

Gly

Thr

Leu

Thr

215

Gly

Hig

Leu

His

Ala

295

Gly

Gly

Leu

Arg

Glu

375

Ala

Gly

Glu

His

Val
120

Pro

Arg

Ser

Met

Lys

200

Thr

Thr

Val

Val

Arg

280

2la

Ile

ATrg
Asn
360

Gly

His

His

Arg
105

Gln

Gly

Ala

Pro

Ala

185

Met

Leu

Phe

Ala

ATrg

265

Glu

Gly

ASP

ASn

345

Met

Glu

Leu

AgSn
SO

Glu

2la

His

Gly

Gly

170

Arg

Tle

Val

Phe

250

Val

ASp

Gly

Leu

Thr
330

Gly

His

Leu
410

Thr

Thr

Leu

Tle

His

155

Ala

Val

Thr

Glu

Val

235

Val

His

ATrg

Ile

315

Val

Gly

Leu

Leu

Agnh

395

His

-continued

Asp Ser His His

Lys

Leu

Phe

140

Thr

Gly

Pro

Tle

AT

220

Met

Ser

Gly

Gly

300

Asn

Glu

Tle

Leu

Ser

380

Phe

Thr

Asp
125

Pro

Glu

Val

Glu

Lys

205

Glu

Gly

Gly

Glu

Pro

285

Vval

Ala

Gly

Thr

365

ITle

Gly
110

Ser

Leu

Ala

Ile

Leu

120

ASP

Val

ASP

Cys

270

Gln

Leu

Leu

AgSh

Ala

350

Agn

Ser

55

Tle

Lys

Tle

2la

Cys

175

Tle

Leu

ASP

Thr

Val

255

Leu

Leu

Leu

Glu

335

Gln

Agn

Glu

Leu

US 7,989,189 B2

Thr

Ser

Ser

2la

Val

160

Glu

Glu

Tle

Ile

Agh

240

Pro

Thr

His

2la

320

Ala

Tle

Pro

Gln
400

70



71
<210> SEQ ID NO 28
<211> LENGTH: 38
<21Z2> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
223> OTHER INFORMATION: Primer RibA

<400> SEQUENCE:

28

1AS

tataattgga tccttagaaa tgaagtaaat gacctagce

<210>
<211>
<«212>
<213>
<220>
223>

<400>

SEQUENCE :

SEQ ID NO 29
LENGTH: 54

TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: Primer RibA 2S

DNA

29

US 7,989,189 B2

-continued

attaatgaat tcattaaaga ggagaaatta actatgagag gatctcacca tcac

<210>
<211>
<212 >
<213>
220>
<223 >

<400>

SEQUENCE :

SEQ ID NO 30
LENGTH :
TYPE:
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: Primer RibANde+l

31
DNA

30

ggagggtttc atatgtttca tccgatagaa g

<210>
<211>
<212 >
<213>
<220>
<223 >

<400> SEQUENCE:

SEQ ID NO 31
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: Primer RibA4AS

21
DNA

31

taattaagct tggatcctta g

<210>
<211>
<212 >
<213>
<400 >
atgactgaat
cagggcaccg
gcgattgtcet
acgcagcagg
gaggcagacy
gtggtggagc
tgttacacgg
gcgggtaagc
gtgatcgtgt
tacaacctgc
gcggacgcgc

atccggttgc

cgctgcatcyg

SEQUENCE :

SEQ ID NO 32
LENGTH :
TYPE :
ORGANISM: Ashbya gossypiil

506

DNA

32

acacagtgcc

atgtctteccet

tcggcgagaa

cgeggatggt

cggatcggcg

gygcydgacygac

gegagacygge

tgatggctgc

acctgcecggca

aggacctggg

gcgacttctce

tcacgaataa

agcgggtgcc

agaagtgagg
ccatctatac

catacgctcy

geggyggcegec

tcagggccty

gtggaccagg

gtggagcgceg

gycdacayay

ggagygygcecgce

cgcggacacyg

gttggggcegce

ccccgacaag

catggtgccyg

tgtgtcgcac

cacaactcga

cggagtctgt

tacgtgggcc

gagctgeggt

gagccgacac

cggtgcgact

ggcgaggtgg

ggcatcgggc

gtgcaggcga

gcaatcctac

gtgcagcagyg

ctttcatgga

gcgcegcegcat

tcgacagcaa

tceggtacey

agctgtaccc

ttgatgagac

tggtgﬂggﬂt

geggggagea

ttggﬂggtgﬂ

taggcgagaa

acgagctget

tggacctcgyg

tgcactgtcc

ctcagcccac

accgacggta

ggaacaccta

gaaagacgac

cdydgCcgyacc

agggcagctg

gcactcggag

gttcgaccag

ggdggeacgge

gctgaaggcg

caaccaccct

tatcgaggac

gccggcegcta

acagggcgtg

38

54

31

21

60

120

180

240

300

360

420

480

540

600

660

720

780



US 7,989,189 B2

73
-continued
cgcectcogegeg agetggacgg ctacctgecge gceccaaggtceg agegcatggg gcacatgcetg 840
cagcggccge tggtgctgca cacgtcetgeg goggocgage toccecoeegege caacacacacd 900
atataa 00

<210> SEQ ID NO 33
<«211> LENGTH: 301
<212> TYPRE: PRT

<213> ORGANISM: Ashbya gossypiil

<400> SEQUENCE: 33

Met Thr Glu Tyr

1

Ile

Ser

ATrg

ATg

65

Glu

Thr

Thr

Ser

Met

145

Val

Ala

Gly

Thr

225

ATrg

Thr

Val

Ser

Pro

Tle

Ser

50

Met

2la

Gly

Leu

2la

130

2la

Ile

Leu

Agn

ATy

210

Agn

Gln

Glu

2la
290

Thr

ASP

35

ATrg

Val

ASP

Gln

Val

115

Arg

Ala

Val

Glu
195

Ala

Agn

Tle

Gly

Arg

275

Ala

Val
20

Ser

Ser

ATJg

Ala

Leu

100

ATJg

Ala

Ala
180

Leu

Ile

Pro

Glu

Val

260

Met

Ala

Thr
5

Gln

Leu

Gly

Asp

85

Val

Leu

Asp

Thr

Leu

165

Leu

Leu

Asp

Arg

245

ATy

Gly

Glu

<210> SEQ ID NO 34

Val

Gly

Glu

Phe

Ala

70

ATrg

Val

Hig

Glu

150

ATg

Agn

Agn

Leu

Lys

230

Val

Ser

His

Leu

Pro

Thr

Hisg

Arg

55

Arg

Glu

Ser

Gly

135

Gly

Gln

Leu

Hisg

Asp

215

Val

Pro

Arg

Met

Pro
295

Glu

ASP

Leu

40

Val

Gln

ATrg

Glu

120

Glu

Glu

Glu

Gln

Pro

200

Leu

Gln

Met

Glu

Leu

280

ATrg

Val

Val

25

Ala

ATrg

Gly

Gly

Ala

105

Gln

Val

Gly

ASDP

185

Ala

Gly

Gln

Val

Leu

265

Gln

Ala

Arg
10

Phe

Tle

Gln

Leu

50

Thr

Phe

Val

Arg

170

Leu

ASp

Ile

Val

Pro

250

ASpP

Arg

Agn

Leu

Val

ASpP

Leu

75

Glu

Thr

Thr

ASp

Gly

155

Gly

Gly

Ala

Glu

His

235

Leu

Gly

Pro

Thr

Val

His

Phe

ASpP

60

Leu

Trp

Gly

Gln

140

Gly

ITle

Ala

ATYg

ASP

220

Ser

Leu

Hig
300

Ala

Leu

Gly

45

Thr

Pro

Arg

Thr

Glu

125

Ala

Ala

Gly

Asp

Asp

205

Ile

Pro

Trp

Leu

val

285

Tle

ATrg

Tyr

30

Glu

Gln

Gly

Phe

ATrg

110

Thr

Gly

Gly

Leu

Thr

120

Phe

ATg

Pro

Thr

ATg

270

Leu

2la

15

Hisg

Agn

Gln

ATrg

ASpP

55

Glu

ala

His

Gly

175

Val

Ser

Leu

2la

Gln

255

ala

His

Arg

Agn

Tle

Ala

Thr

80

Glu

Pro

Trp

Leu

Gly

160

Glu

Gln

Leu

Leu

Leu

240

Pro

Thr

<211> LENGTH: 591
<212> TYPE: DNA

<2123> ORGANISM: Egcherichia colil



7S

US 7,989,189 B2

-continued

catggggcga

cgctagtcta
gtctgaccgyg
cattgacgca
gtaacattgyg
ccgtagaggce
ctgatatgtt
aagtcgaaat
gtcgtaaccc

tgaacaaata

tttectgatg

tggcgatatt

tgacgccctyg

aattgccgag

tctgctgaat

taaccaccag

caaactcctt

tctgaccgaa

caataacgaa

a

<400> SEQUENCE: 34
atgcagctta aacgtgtggc agaagccaaa ctgccaaccce
gtgggatttg aagaactggc aaccggacac gatcatgtcg
tccgggcata ccceggtact tgecgegegtce cattccgaat
ttcagcttge gctgcgattyg tggcttccag ctcgaagcegg
gaaggccgtg gtattttgcet gtatcaccgt caggaaggtc
aaaatccgeg cttacgcact gcaggatcaa ggttacgata
ttaggcttcecg cecgctgatga gcecgcgactte actcectttgeg
ggcgtcaatg aagtccgett gttaaccaat aacccgaaaa
gcagggatta atattgttga acgcgtacca ttgattgtag
cattatctceg ataccaaagce cgagaaaatg ggccatttgce
<210> SEQ ID NO 35
<211> LENGTH: 196
<212> TYPE: PRT
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 35
Met Gln Leu Lys Arg Val Ala Glu Ala Lys Leu
1 5 10
Asp Phe Leu Met Val Gly Phe Glu Glu Leu Ala
20 25
Val Ala Leu Val Tyr Gly Agp Ile Ser Gly His
35 40
Arg Val Hig Ser Glu Cys Leu Thr Gly Asp Ala
50 55
Cys Asp Cys Gly Phe Gln Leu Glu Ala Ala Leu
65 70 75
Glu Gly Arg Gly Ile Leu Leu Tyr His Arg Gln
85 90
Gly Leu Leu Asn Lys Ile Arg Ala Tyr Ala Leu
100 105
Agsp Thr Val Glu Ala Asn His Gln Leu Gly Phe
115 120
Asp Phe Thr Leu Cys Ala Asp Met Phe Lys Leu
130 135
Val Arg Leu Leu Thr Asn Asn Pro Lys Lys Val
145 150 155
Ala Gly Ile Asn Ile Val Glu Arg Val Pro Leu
165 170
Pro Asn Asn Glu His Tyr Leu Asp Thr Lys Ala
180 185
Leu Leu Asn Lys
195
<210> SEQ ID NO 356
<211> LENGTH: 1269
<212> TYPE: DNA
<213> ORGANISM: Corynebacterium glutamicum
<400> SEQUENCE: 36

gtgagtgaac atgagcaggc acacagccaa ttagattctg ttgaagaggc catcgcectgac

atcgctgecgg gtaaagcecegt cgtggtggta gatgatgaag atcgtgaaaa tgaaggcgac

Pro

Thr

Thr

Leu

60

Thr

Glu

Gln

Ala

Leu

140

Glu

Tle

Glu

Thr

Gly

Pro

45

Phe

Gln

Gly

Asp

Ala

125

Gly

ITle

Vval

Pro

His

30

Val

Ser

Tle

ATrg

Gln

110

ASP

Val

Leu

Gly

Met
190

Trp

15

ASpP

Leu

Leu

2la

Agn

S5

Gly

Glu

Agn

Thr

Arg

175

Gly

Gly

His

Ala

Glu
80

Tle

Glu
Glu
160

Agn

His

60

120

180

240

300

360

420

480

540

591

60

120



atcatctttg

tcgggataca

atgaccgcgc

accggcacca

ccagaagccyg

gaaggtggcyg

gcaggcctgce

atggctcggg

attgagcagc

actgtgctgc

ggcaccgagce

ctggttcgayg

tgtggacagc

gtgtacatgc

caactccagyg

gatgcccgceg

aacttgatca

gccagccgaa

aagcgtgacc

gaaaactaa

ccgecgaatt

tctgtgegec

acaatcagga

caggcatttc

accgcacgga

tcttggtygey

gcccagcagy

ttcctgaget

tcattgagty

ctaccgattt

ttgttgccat

tccactctga

agctgcacga

gtgggcatga

atgaaggtgc

aatttggcac

gcaacaadccCcC

ccececcatcecce

gcatgggaca

<210> SEQ ID NO 37

<211> LENGTH:

422

77

agccactcca
attaaccgca
tgcccgegygc
tgcaacagac
tttcacccgt
cgctggacac
tgttatctgce
gcgccegcette
gcgtcocgcaag
cggcacgttc
tgttgccggc
gtgcttgact
gtctttgcgce
gggacgagyc
cgacaccgtc
cagcgcoccag
agccaagaag
tgttgctgtt

tgacctccca

gaattagtcyg

aaggatgcag

accgcttaca

cgcgcecocaca

ccocggacacyg

accgaagcag

gaagtggtca

tgcgatgagc

aatgaaattt

aaggctgttyg

gacgtggcat

ggtgatgttt

ctgatccagy

attggtctgc

gatgccaacc

attctctacyg

gtgggacttg

catgaagaca

gatgtcgcac

US 7,989,189 B2

-continued

ctttcatggt

atcgtecttga

ccgtgaccgt

ctttgegett

ttgtgccact

ctgtcgattt

gtgaagagga

acgatctgaa

tggtggagcyg

gttaccgttc

ccgacggtgg

ttggatcccyg

aagctggtcy

tcgccaaget

tcgcacttygyg

acttgggtgt

aaggccacygg

atgttcgata

tgtgggaaca

gcgttattec

tctgectecy

tgatgccaac

gcttgctgat

gcgtgcetcegt

ggctcgogcet

ccccaccggce

gctgatctcet

ccaggtggaa

catcatcgat

cgaaaacgtce

gcgctgogac

gggagtagtg

acgcgcectac

tcttccagcc

gcgctegcetc

catttccatt

cctgaaaacc

agagcaccca

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

12695

<212> TYPE:
<213> ORGANISM: Coryhnebacterium

PRT

<400> SEQUENCE:

Val

1

Ala

Glu

Thr

Cys

65

Met

Val

Hig

Thr

Leu
145

Ala

Ser

Tle

ASpP

Pro

50

2la

Thr

ASp

Thr

ATy

130

Val

Gly

Glu

Ala

ATrg

35

Glu

Pro

Ala

Ala

Leu

115

Pro

Arg

Leu

Hig

ASDP

20

Glu

Leu

Leu

His

Agnh

100

ATg

Gly

Ala

ATrg

37

Glu

5

Tle

Asn

Val

Thr

Asn

85

Thr

Leu

Hig

Gly

Pro
165

Gln

Ala

Glu

Ala

Ala

70

Gln

Gly

Leu

Val

His

150

Ala

Ala

bAla

Gly

Phe

55

Asp

Thr

Ala

Val

135

Thr

Gly

Hig

Gly

ASP

40

Met

ASP

2la

Thr

ASP

120

Pro

Glu

Val

glutamicum

Ser

Lys

25

Ile

Val

Ala

ATrg

Gly

105

Pro

Leu

Ala

Tle

Gln

10

2la

Ile

Arg

ASp

Gly

50

Tle

Glu

Arg

2la

Cys
170

Leu

Val

Phe

ATrg
75

Thr

Ser

Ala

Ala

Val
155

Glu

ASP

Val

Ala

Ser

60

Leu

Ala

Ala

ASpP

ATYJ

140

ASD

Val

Ser

val

Ala

45

Ser

Asp

Thr
Arg
125

Glu

Leu

val

Val

Val

30

Glu

Gly

Leu

Thr

ASP

110

Thr

Gly

Ala

Ser

Glu
15

ASpP

Leu

Pro

Val
o5

Arg

ASpP

Gly

Arg

Glu
175

Glu

ASp

2la

ITle

Pro

80

Thr

Ala

Phe

Val

Ala
160

Glu

78



ASpP

Glu

ATg

Thr

225

Gly

Gly

Val

Leu

Gly

305

Gln

Gly

Pro
385

Gln

Pro

His

Lys

210

ASp

Thr

Glu

Phe

Arg

290

His

Leu

Leu

ASp

Lys

370

Ile

Arg

Glu

Thr

ASP

195

Agn

Phe

Glu

Agn

Gly

275

Leu

Glu

Gln

Pro

Leu

355

Val

Pro

ASP

His

Gly

180

Leu

Glu

Gly

Leu

Val

260

Ser

Tle

Gly

ASDP

Ala

340

Gly

Gly

Val

ATrg

Pro
420

Met

Tle

Thr

Vval

245

Leu

Gln

ATy

Glu
325

Asp

Val

Leu

Ala

Met

405

Glu

<«210> SEQ ID NO 38

<211> LENGTH:

1197

Ala

Leu

Leu

Phe

230

Ala

Val

ATrg

Glu

Gly

310

Gly

Ala

ATrg

Glu

Val

390

Gly

Agn

79

Arg

Tle

Val
215

Tle

Arg

Ala

295

ITle

Ala

Arg

Ser

Gly
375

His

Hisg

Val

Ser

200

Glu

2la

Val

Val

ASpP

280

Gly

Gly

ASP

Glu

Leu

360

His

Glu

ASDP

Pro
185

Tle

Val

Ala

Hig
265

Leu

Thr

Phe

345

AgSh

Gly

ASP

Leu

Glu

Glu

Gln

Gly

Gly

250

Ser

Gly

Gly

Leu

Val

330

Gly

Leu

Tle

Agn

Pro
4710

Leu

Gln

Val

Tyr

235

ASp

Glu

Gln

Val

Ala

315

ASpP

Thr

Ile

Ser

Val

395

ASp

-continued

ATYg

Leu

Glu

220

AT

Val

Gln

Val

300

Ala

Ser

Ser

Tle

380

AYg

Val

Arg

Tle

205

Thr

Sexr

Ala

Leu

Leu

285

Val

Leu

ASn

Ala

Agh

365

Ala

Ala

Phe

120

Glu

Val

Tle

Ser

Thr

270

His

ATg

Leu

Gln

350

AgSh

Ser

Leu

Leu

Cys

Trp

Leu

Tle

ASpP

255

Gly

Glu

Met

ala

2la

335

Ile

Pro

Arg

Trp
415

US 7,989,189 B2

ASpP

Pro

ASp

240

Gly

ASpP

Ser

Tyr
320

Leu

Leu

Ala

Thr

Thr

400

Glu

<212> TYPERE:

DNA

<213> ORGANISM: Bacillus amyloliquefaciens

<400> SEQUENCE: 38

atgtttcatc

gtcgatgatg

cctgaagtgy

gaagacatcg

gagaccgcgt

gaacgttcct

cgtceccgggtc

cacacggaag

tgtgaaatta

ddaaadCcCcacc

acaacacttg

gtttacggat

cgatagaaga

aagacagaga

tgaattttat

ccggecggcet

ttacagtcag

ttacgattca

atatttttcc

cagccgttga

tgaatgaaga

agctgaaaat

tgaacagaga

atacaaacga

ggcattagaa
aaacgaagga

ggcgacccac

ggatcttcat

cattgaccac

ggcgctttty

cttaatagca

cctggcaaaa

cggcacaatyg

gattacgata

agttgacatt

ggtggacgga

gcgctgaaaa

gatttcgtag

gggagagygcc

ccaatggtcyg

aagctgacaa

gacgaagaat

aaaaaaggag

gcatgcggtt

gcgagagtge

aaagacttaa

acgctgccga

aaagaacatc

aaggtgaagt

cgctcegetga

tgatctgcac

atcataatac

aaacgggaat

ctgtgcctygy

gcgtcoctgaa

ctcaaggagc

ctgagattag

tagaataccyg

ctgacttcgg

tcgecotttgt

catcatcgtt

gcatgctacyg

gccgcetttet

agactcgcat

cagcgctcag

cgattttcag

gcygggceggye

ggacgtcatt

cgagattgcg

ctacaacatt

cacgttccgyg

catgggcgat

60

120

180

240

300

360

420

480

540

600

660

720

80



gtccegttta

gtgtttgcat

gccgaagaag

atcaataagc

gaagcgctcg

gatttagggg

gaagggtacg

aacaagcagt

acagcggacc

cccaccgety

gecegeggegt

tgaaagcgta

gctttctgece

ttcagcatat

gactaagcat

atttacaaac

<210> SEQ ID NO 39

<211> LENGTH:

398

81

cgttettgtce
tgattgcggy
tctattgtat
tcgattgcag
tgacttgcgc
gaaactttta
ttcagatcygg

caaaatgaaa

agagtgcact

cctcagcttce

ttgcgtcagy

gaacaagggt

aactatggca

accaataacc

gtgccgcette

aaactcggac

US 7,989,189 B2

-continued

cagaatgcct
atgccgegtt
aaggcagagy
acgacacggt
tcggcegcecca
cccggaaaat
aaatggaagc

acttgcttca

gaccggcgat

gcgccaaatt

aatcggtctc

tgaagcgaac

gattctcacgc

cgccggectt

gagtgagcac

Cttctaa

780

840

900

560

1020

1080

1140

1197

«212> TYPE:

<213>

PRT

ORGANISM:

<400> SEQUENCE:

Met Phe Hig Pro

1

Val

Val

Thr

Gly

65

Glu

Tle

Glu

ITle

Ala

145

Ser

Leu

ASP

Thr

225

Val

Leu

Leu

Leu

Tle

2la

His

50

ATrg

Thr

Ser

Ser

ala

130

Val

Glu

Glu

Tle

Ile

210

AgSh

Pro

Thr

His

Tvyr
290

Tle

Leu

35

Gly

Leu

Ala

Ala

Val
115

ASP

Ile

Tle

Glu

195

Thr

Glu

Phe

Gly

Ala
275

Leu

Val

20

Ala

ATy

ASDP

Phe

Gln

100

Pro

Leu

Met

Ala

180

Leu

Val

Agn

ASP

260

Ala

ATrg

Bacillus amyloliquefaciens

39

Ile

5

Vval

Glu

Gly

Leu

Thr

85

Glu

Gly

Gly

2la

Asn

165

Arg

Pro

AsSp

Ser

245

Val

Leu

Gln

Glu

ASpP

His

Leu

His

70

Val

ATrg

ASpP

Gly

Lys

150

Glu

Ser

Thr

Gly

230

Gly

Phe

ATrg

Glu

Glu

AsSp

Ala

Tle

55

Pro

Ser

Ser

Phe

Val

135

bAla

Asp

His

ASn

Asp

215

Pro

Ala

Gln

Gly
295

Ala

Glu

Thr

40

Met

Ile

Phe

Gln

120

Leu

Gly

Gln

Tle

200

Phe

Glu

Val

Ser

Tle
280

Arg

Leu

ASDP

25

Pro

Thr

Val

ASP

Thr

105

ATrg

Gly

Thr

Leu

185

Thr

Gly

His

Leu

Hig

265

Ala

Gly

Glu

10

Arg

Glu

Pro

ASp

His

50

Tle

Pro

Arg

Ser

Met

170

Thr

Thr

Leu

Val
250

Arg

Glu

Tle

Ala

Glu

Val

Leu

His

75

Gln

Gly

Ala

Gln

155

Ala

Met

Leu

Phe

Ala

235

ATrg

Glu

Gly

Leu

ASn

Val

Ser

60

ASn

Leu

Ala

Hig

Gly

140

Gly

AYg

Tle

Val

AYg

220

Phe

Val

ASP

Gly

Leu
300

Glu

Asn

45

Glu

Thr

Thr

Leu

Tle

125

Hig

Ala

Val

Thr

ASn

205

Val

Val

His

Arg
285

Tle

Gly
30
Phe

ASP

ASP

Leu

110

Phe

Thr

ASP

Pro

Tle

120

ATrg

Met

Ser

Gly

270

Gly

Agn

Gly

15

ASP

Met

Tle

Ser

Thr

55

ASpP

Pro

Glu

Val

Glu

175

Glu

Gly

Gly

Glu

255

Pro

Val

Glu

Phe

2la

Ala

His

80

Gly

Glu

Leu

Ala

Tle

160

Ile

ASp

Val

ASp
240

Gln

Leu

Leu

32



Lys

305

Glu

Gln

Agh

ASp

Leu
385

2la

2la

Tle

Pro

Arg

370

Gln

Leu

Leu

ATy

355

Val

Thr

ATg

Gly

ATg
340

Pro

Leu

Phe
325

Asp

Tle

Leu

Met

Gln

310

Leu

Leu

Ala

Gln

Lys
390

83

Glu
Pro
Gly
Gly

Met
375

Gln

ASDP

Val

Leu

360

Glu

Leu

Gly

Leu

Gln

345

Glu

Ala

Gly

Arg

330

His

Gly

Ser

Hisg

ASpP
315

Asnh

Met

Glu

Leu
395

-continued

Thr

Tvyr

Gly

Hig
380

Leu

Val Glu Ala

Gly

Leu

Leu

365

AsSn

Hig

Tle

Leu
350

Ser

Phe

Gly
335
Thr

Tle

Gln

US 7,989,189 B2

Agh

320

Ala

Agn

Ser

<210> SEQ ID NO 40

<211l> LENGTH:
<212> TYPR:
ORGANISM: Bacillus cereus

<213>

1194
DNA

<400> SEQUENCE: 40

atgtttcatc

tgtgatgatyg

ccaydaaacad

gaaggatacg

catactgcgt

gaacgtgcaa

cgacctggac

catacagaag

tgcgagatta

aaacaatttg

gaaacacttg

gcaattggct

atttcaacag

ttcggttcac

cgtgaaggaa

aataagcttc

aaactcggcet

ttaggtttac

ggttacgatt

aaatcgtatt

gtattgaaga

aaaaccgaga

taaattttat

cagaacgtct

ttacagtgag

ctacgataca

atatctttcc

ctgctgttga

taaatgagga

atataaaaat

tgacgagaga

attctaactc

gtgaaccggt

atcgctgcga

aaggtgttct

gtgcttataa

tceccectgetga

agagtttacyg

tagaagtagt

tacaaacgaa

<210> SEQ ID NO 41

<211> LENGTH:
«212> TYPERE:

397
PRT

agctctagaa

aaatgaaggc

gattacacat

acaattagaa

cattgaccat

agaattgtta

attaattgcyg

tttagcaaag

cggcacgatyg

gattacaata

agcggaaatt

attagatacyg

acttgtacgt

ttgcggacca

tctttatatg

attacaagaa

tcttegtgat

attattaacyg

cgagcgtgta

agtaaacaaa

<213> ORGANISM: Bacillug cereus

<400> SEQUENCE: 41

gatttaaaaa

gattttattg

ggccgtggtc

ccaatggtat

gtctctacaa

aaccccgcat

aaagaaggcyg

ctatgcggtyg

gcacgtgtac

gaagatttaa

acattaccta

aaagaacata

gttcattety

caactccatg

aggcaagaag

gaaggattcg

tacggtatcyg

aataacccaa

ccgttgcaaa

ttaggacact

aaggtaaagt

ctttagcaga

tegtttgtgt

ctcataatac

caacagggat

caaaaggtgc

gtgtcctgcy

ccgaaccagce

ctgatttaat

ttgcttaccyg

cagatttcgg

tcgcacttgt

aatgcttaac

cagcacttgc

gaagaggcat

atactgtaga

gtgctcaaat

gaaaaattgc

tgccagcaaa

tactaaactt

cgttatcegta

gtacattaca

accgattacg

agattcacat

tagcgctcac

tgatttcaat

tcgtgcaggt

tggagttatt

agaatgcgca

ccgccatcat

tactttccac

aaaaggtgat

aggagatgta

tcaaattgag

tgggcttett

agcaaatgaa

attaaaagat

tggcttacaa

agaagagaat

ataa

Met Phe His Arg Ile Glu Glu Ala Leu Glu Asp Leu Lys Lys Gly Lys

1

5

10

15

Val Val Ile Val Cys Asp Asp Glu Asn Arg Glu Asn Glu Gly Asp Phe

20

25

30

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1154

34



Tle

Thr

Glu

65

His

Tle

Ala

Tle

Ala

145

Tle

Leu

Glu

Ser

225

Ile

Thr

Hig

Ala
305

Tle

Pro

ATrg

Gln
285

<210>
<211>
<212 >
<213>
<400>

atggacaaaa agctatttga tccgattgaa gaagcaatat atgaattaat gcaaggtcga

gtcgtgatcg tttgtgatga tgaggatcgg gaaaacgaag gggattttgt agcccttget

2la

His

50

Arg

Thr

Ser

Ser

Ala

130

Val

Glu

Glu

Ile

Tle

210

Agn

Ser

Gly

2la

Met

290

Leu

Leu

ATrg

Val

370

Thr

Leu
35

Gly

Leu

Ala

Ala

Lys

115

ASP

Ile

Ala
195

Thr

Ser

Thr

ASP

Ala
275

ATg

Lys
355

Pro

Ala

ATrg

Gln

Phe

His

100

Gly

Glu

Leu

Ile

Ala

180

Leu

Leu

Gly

Val

260

Leu

Gln

Leu

Phe

ASP

340

Tle

Leu

Val

SEQUENCE :

Glu

Gly

Leu

Thr

85

Glu

Ala

Gly

2la

Asn

165

Arg

Pro

AsSp

Glu

245

Phe

2la

Glu

Gln

Pro

325

Leu

Ala

Gln

Agh

SEQ ID NO 42
LENGTH:
TYPE: DNA

ORGANISM: Bacillus halodurans

1215

42

Leu

Glu

70

Val

ATrg

ASP

Gly

Lys

150

Glu

Gln

ATg

Thr

Thr

230

Pro

Gly

Gln

Gly

Glu

310

Ala

Gly

Gly

Met

Lvs
390

85

Tle

Val

55

Pro

Ser

Ala

Phe

Val

135

Leu

Asp

Phe

His

Asp

215

Val

Ser

Tle

Arg

295

Glu

Asp

Leu

Leu

Pro

375

Leu

Thr

40

Met

Tle

Thr

Agn

120

Leu

Gly

ASP

His

200

Phe

Glu

Leu

His

Glu

280

Gly

Gly

Leu

Gln

Gln

360

2la

Gly

Pro

Val

Val

ASP

Thr

105

ATg

Gly

Thr

Tle

185

Glu

Gly

His

Val

Arg

265

ATrg

Ile

Phe

ATrg

Ser

345

Gly

His

Glu

Pro

Ser

His

50

Tle

Pro

2la

Met
170

Thr

Thr

Tle

Arg

250

Glu

Gly

ASp

ASpP

330

Leu

Glu

Leu

Thr

Tle

His

75

Val

Gln

Gly

Ala

Glu

155

Ala

Met

Leu

Phe

Ala

235

Val

ASp

Gly

Leu

Thr

315

Arg

ASpP

Glu

Leu
395

-continued

Tle

Thr

60

AsSn

Serx

Glu

His

Gly

140

Pro

ATYJ

Tle

Val

His

220

Leu

Hig

Leu

300

Val

Gly

Leu

Leu

Asn

380

Agnh

2sn Phe Met

45

Glu

Thr

Thr

Leu

Ile

125

His

Ala

Val

Thr

Thr

205

Ala

Vval

Ser

Gly

Gly

285

Asn

Glu

Ile

Leu

Glu

365

Leu

Gly

ASP

Thr

Leu

110

Phe

Thr

Gly

Pro

Tle

120

ATg

Tle

Glu
Pro
270

Val

Ala

Gly

Thr

350

Val

Ser

Tyr

Ser

Thr

55

Agn

Pro

Glu

Val

ASP

175

Glu

Glu

Gly

Gly

Cys

255

Gln

Leu

Leu

Agn

2la
335

AgSh

Val

US 7,989,189 B2

Tle

Ala

His

80

Gly

Pro

Leu

Ala

Tle

160

Leu

ASDP

2la

ASDP

240

Leu

Leu

Leu

ATrg

Glu

320

Gln

Agh

Glu

Leu

86



gaaaaagcaa

acgccaatca

accgatceccce

atttctgccc

caccacttca

cgacydyygCccyd

gcaggggtta

cgaaaaatcg

cgtcaccgta

ggctcattcce

gtgaaaggac

acaggtgatyg

acacaaatcg

atcggtctca

gaagcaaatg

attttacgcy

acgggcttga

aacaaagata

Cttactcatt

<210>
<211>

caccagaagt

cdyaagadgcd

atggtacggc

atgaacgggc

aacgaccagyg

gtcatacaga

tttgtgaaat

ccgatcagtt

aagacaagct

gtgcaatcgg

agattgttga

tgtteggttce

agcaacaagg

tgaataagtt

agaaattagyg

acttaggtgt

aagggtatgg

atgagcgcta

cgtaa

SEQ ID NO 43
LENGTH:

404

87

gattaacttc
ggcaaaggaa
gtttaccgtc
tatgacgatt
tcacattttc
agcggccegtt
cattaaagaa
tgaactgaag
tgtcaagcgt
ttatacagat
aggtgaacca
tcaccgttygce
caaagggata
gaaggcatac
ctttcectget
gtcaaaaatyg
ccttgaagtg

tttgaaaaca

atgatcacgc

ttagatcttyg

agcattgatc

caggcgttaa

cccctaatag

gatctagctc

gatggttcaa

atgatcacaa

gaagtagata

gtcattgatg

acactcgttc

gattgtggcc

ctcctttata

aagcttcaag

gatcttcggy

cgcctcctta

gttgaacggg

aagcacgaaa

US 7,989,189 B2

-continued

atggccgtgg
tccceccatggt
atcaaatgac
ttgataagaa
cgaaaaacgg
gtttgtcagg
tggcacgagt
ttaaagattt
CCLtccttacc
gaaaagagag
gtgttcactc
cacaactcca
tgcgtcaaga
aagaaggcta
actatggaat
caaacaatcc
tgccgctcca

agttaggaca

tctegtttge

ggaccataat

gaccacagga

aacgaaaaag

aggagtactc

cgctgagcecyg

tcctgatttg

aatcgaatat

gacggatttc

tgtcgcttta

cgaatgttta

ggcagctctc

gggtcgtggt

tgatactgta

gygcygcycada

gcgaaaaatt

attacctcat

tctgctaaat

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1215

<212 >
<213>

<400>

TYPE :
ORGANISM: Bacillus halodurans

PRT

SEQUENCE :

Met Asp Lys Lys

1

Met

Glu

AsSn

Glu

65

Thr

Thr

Leu

Tle

His

145

Ala

Gln

Gly

Phe

50

Glu

ASpP

Thr

Tle

Phe

130

Thr

Gly

Gly

ASP

35

Met

Arg

Pro

Thr

ASP

115

Pro

Glu

Val

ATrg

20

Phe

Ile

Ala

His

Gly

100

Leu

Ala

Tle

43
Leu
5
Vval

Val

Thr

Gly
85

Ile

Tle

Ala

Cvys
165

Phe

Vval

Ala

Hig

Glu

70

Thr

Ser

Thr

Ala

Val

150

Glu

Asp

Tle

Leu

Gly
55

Leu

Ala

Ala

Lys
135

Asp

Tle

Pro

Val

Ala

40

ATy

ASDP

Phe

Hig

Lys

120

Agn

Leu

Tle

Ile

Cys

25

Glu

Gly

Leu

Thr

Glu

105

His

Gly

Ala

Glu
10

ASp

Leu

Val

Val

90

Arg

His

Gly

Arg

Glu
170

Glu

ASp

Ala

Val

Pro

75

Ser

Ala

Phe

Val

Leu

155

ASp

Ala

Glu

Thr

Cys

60

Met

Tle

Met

Leu
140

Ser

Gly

Ile

Asp

Pro

45

Thr

val

Asp

Thr

Arg

125

Arg

Gly

Ser

ATrg

30

Glu

Pro

ASP

His

Ile

110

Pro

ATrg

Ala

Met

Glu

15

Glu

Val

Ile

His

Gln

o5

Gln

Gly

2la

Glu

2la
175

Leu

Agn

Tle

Thr

Agn

80

Met

Ala

His

Gly

Pro
160

88



Val

Thr

Ala

225

Val

Ser

Gly

Gly

AsSn

305

Glu

Met

Leu

Glu

Glu

385

Phe

Pro

Tle

Arg

210

Tle

Glu

Pro

Tle

290

2la

Gly

Thr

Val

370

Arg

Thr

ASP

Lys

195

Glu

Gly

Gly

Gln

275

Leu

Leu

Agn

Ala

AgSh

355

Val

His

Leu
180
ASDP

Val

Gln
Leu
260

Leu

Leu

Glu

Gln

340

Agnh

Glu

Leu

Ser

ATy

Leu

Asp

Thr

Tle

245

Thr

Gln

Ala

Lys

325

Ile

Pro

Arg

Lys

Tle

Tle

ASP

230

Vval

Gly

Ala

Met

Tvyr

310

Leu

Leu

ATrg

Val

Thr
290

89

Tle

Glu

Ser

215

Val

Glu

Asp

Ala

Arg

295

Lys

Gly

Arg

Pro
375

2la

Tyr

200

Leu

Tle

Gly

Val

Leu

280

Gln

Leu

Phe

ASP

Tle

360

Leu

His

ASP

185

Arg

Pro

ASP

Glu

Phe

265

Thr

Glu

Gln

Pro

Leu

345

Thr

Gln

Glu

Gln

His

Thr

Gly

Pro

250

Gly

Gln

Gly

Glu

2la

330

Gly

Gly

Leu

Phe

Arg

ASDP

Liys

235

Thr

Ser

Ile

ATrg

Glu

315

ASpP

Val

Leu

Pro

Leu
395

-continued

Glu Leu Lys

Lys

Phe

220

Glu

Leu

His

Glu

Gly
300

Gly

Leu

Ser

Hig
380

Gly

Asp

205

Gly

Sexr

Vval

Arg

Gln
285

Tle

Gly
365

ASn

His

120

Lys

Ser

Val

ATrg

Cys

270

Gln

Gly

ASP

ASP

Met
350

Leu

Met

Leu

Phe

Ala

Val

255

ASP

Gly

Leu

Thr

Tyr

335

Arg

Gly

ASP

Leu

US 7,989,189 B2

Tle

Val

Leu
240

His

Met

Val

320

Gly

Leu

Leu

Agn

Agn
400

90

introducing into a host cell a modified GTP cyclohydrolase 11
from Bacillus subtilis, wherein

The invention claimed 1s: 40

1. A method for producing riboflavin, a nboflavin precur-
sor, FMN, FAD, or a derivative thereof comprising:

culturing a host cell 1n a switable medium, the host cell

comprising a polynucleotide comprising a nucleotide
sequence which codes for a modified GTP cyclohydro-

lase II from Bacillus subtilis, wherein (1) the specific
activity of the modified enzyme 1s increased 1n compari-
son to the corresponding non-modified enzyme and (11)
the amino acid sequence of the modified enzyme com-
prises one or more mutations(s) on amino acid
position(s) corresponding to positions 261, 270, 276, 50
279,308, and/or 347 of SEQ ID NO: 2 and combinations
of the one or more mutations(s) thereof such that said
modified enzyme includes from 1 to 6 position substi-
tutions selected from: Alanine at an amino acid position
corresponding to the position 261, Alanine or Arginine 55
at an amino acid position corresponding to the position
2’70, Threonine at an amino acid position corresponding
to the position 276, Arginine at an amino acid position
corresponding to the position 279, Arginine at an amino
acid position corresponding to the position 308, and 60
Isoleucine at an amino acid position corresponding to
the position 347; said modified enzyme exhibiting at
least 98% 1dentity to SEQ ID NO: 2, and 3. A method for increasing the production of riboflavin, a
optionally separating riboflavin, a riboflavin precursor, ribotlavin precursor, FMN, FAD, or a derivative thereof by
FMN, FAD, or a dertvative thereof from the medium. 65 introducing into a host cell a polynucleotide comprising a
2. A method for increasing the production of riboflavin, a nucleotide sequence which codes for a modified GTP cyclo-
ribotlavin precursor, FMN, FAD, or a derivative thereof by hydrolase II from Bacillus subtilis, wherein

(1) the specific activity of the modified enzyme 1s increased
in comparison to the corresponding non-modified

enzyme, and

» (1) the amino acid sequence of the modified enzyme com-

prises one or more mutations(s) on amino acid
position(s) corresponding to positions 261, 270, 276,
279,308, and/or347 of SEQ ID NO: 2 and combinations
of the one or more mutation(s) thereof such that said

modified enzyme includes from 1 to 6 position substi-
tutions selected from: Alanine at an amino acid position
corresponding to the position 261, Alanine or Arginine
at an amino acid position corresponding to the position
2’70, Threonine at an amino acid position corresponding,
to the position 276, Arginine at an amino acid position
corresponding to the position 279, Arginine at an amino
acid position corresponding to the position 308, and a
s1xth mutation comprises an Isoleucine at an amino acid
position corresponding to the position 347, said modi-

fied enzyme exhibiting at least 98% 1dentity to SEQ ID
NO: 2.
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(1) the specific activity of the modified enzyme 1s increased

in comparison to the corresponding non-modified
enzyme, and

(11 the amino acid sequence of the modified enzyme com-

92

sequence which codes for a modified GTP cyclohydro-
lase II from Bacillus subtilis, wherein (1) the specific
activity of the modified enzyme 1s increased 1n compari-
son to the corresponding non-modified enzyme and (11)

prises one or more mutations(s) on amino acid 5 the amino acid sequence of the modified enzyme con-
position(s) corresponding to positions 261, 270, 276, sisting of one or more mutations(s) on amino acid posi-
279,308, and/or 347 of SEQ ID NO: 2 and combinations tion(s) corresponding to positions 261, 270, 276, 279,
of the one or more mutation(s) thereof such that said 308, and/or 347 of SEQ ID NO: 2 and combinations of
modified enzyme includes from 1 to 6 position substi- the one or more mutations(s) thereol such that said
tutions selected from: Alanine at an amino acid position 10 modified enzyme includes from 1 to 6 position substi-
corresponding to the position 261, Alanine or Arginine tutions selected from: Alanine at an amino acid position
at an amino acid position corresponding to the position corresponding to the position 261; Alanine or Arginine
2’70, Threonine at an amino acid position corresponding at an amino acid position corresponding to the position
to the position 276, Arginine at an amino acid position 2'70; Threonine at an amino acid position corresponding,
corresponding to the position 279, Argimine at an amino 15 to the position 276; Arginine at an amino acid position
acid position corresponding to the position 308, and a corresponding to the position 279; Arginine at an amino
s1xth mutation comprises an Isoleucine at an amino acid acid position corresponding to the position 308, and
position corresponding to the position 347, said modi- Isoleucine at an amino acid position corresponding to
fied enzyme exhibiting at least 98% 1dentity to SEQ ID the position 347; said modified enzyme exhibiting at
NO: 2. 20 least 98% 1dentity to SEQ ID NO: 2, and

optionally separating riboflavin, a riboflavin precursor,
FMN, FAD, or a derivative thereotf from the medium.

4. A method for producing ribotlavin, a riboflavin precur-
sor, FMN, FAD, or a dervative thereof comprising:

culturing a host cell 1n a swtable medium, the host cell

comprising a polynucleotide comprising a nucleotide I I
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